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ASTRONOMY. 

PART I. 

Sect* I. 

O^ THE FIXED STARS^ AND THE CIRCLES OF THK 

SPHERE. 

1. Vr HEN we look at the heavens in a clear 
night;, all the stars appear at the same distance 
from usy and therefore seem to be situated in the 
surface of a sphere having the eye for its centre. 

2. If we take a view of the stars again^ in the 
course of the same, nighty we find that they 
retain their positions relatively to one anothtr, 
but have changed them relatively to the earth, 
h^v^^g all made a progress toward the west, where 
S' »mt; i lave set^ while others have risen in the east. 

Vol. II. A More 
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More attentive and continued observation shews, 
that they all describe circles having the same 
point for their Pole, or that from which the parts 
ot the Siime circumference are all at an equal dis- 
tance. 

Ite stars, therefore, move exactly as if titey were 
fixed in the surface of a sphere, which revolved on 
its axis in a space of time near])' equal to 24 hours. 
This motion, which is common to all the heavenly 
bodies, is called the Diurnal Motion. 

3. If we observe the place of the Moon on 
two successive nights, we shall find that she 
changes her position among the stars, and ad- 
vances to the eastward at the rate nearly of 13 
degrees in £4 hours j so that she completes the 
circle of the heavens in 27 days nearly. 

a. Not only the Moon, but the Sun, and tea other 
stars, ffive of them visible only with the telescope), 
besides the diurnal motion, have motions east- 

t ward, relatively to the other stars, 

b. The stars which have no sensible motion relatively 
another, are ca\]ei\ Fixed Stars ; Ihe others 

are called Planets, and will afterwards he more 
fully considered. Besides the planets, there are 
also stars which do not remain permanently visible, 
1 which have motions of their own. These arc 
the Comets ,- and are also to be considered hereaf- 
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ASTRONOMY. 3 

4. The Earth is a body bounded by a surface 
nearly spherical, the diameter of which is exceed- 
ingly small, compared with the distance of the fix- 
ed stars. 

a. The round or globular figure of the earth is infer- 
red from many phenomena. 

1. From the appearance of ships at different dis- 
tances from one another, and of the laud when 
:hed from the sea. 



2. From the circumnavigation of the globe. 

3. From the conical shadow of the earth, as seen 
In eclipses of the moon. 

r. The circumference of the earth is nearly 25020 
miles i its diameter 7910 miles, and a degree near- 
ly 69 +. 

These measures are not given as correct. The 
method of ascertaining them tilth precision 
will be afterwards explained. 

, The smallness of the diameter of the earth compa- 
red with the distance of the fixed stars. Is inferred 
from thb, that the circles which those stars appear 
to describe, are the same to spectators in all parts 
of the earth, aud also that the angles subtended by 
the distance of any two stars from one another, is 
the same at ail points on the earth's surface. 
Since the diameter of the earth is very snwli in re- 
spect of the distance of the stars, we may suppose 
the centre of the sphere in which these stars appear 
A 2 to 
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to be placed, to be the centre of the eartit, and not 
the eye of the observer. 

5. The straight line which passes through the 
pole of the Northern Hemisphere, and through the 
centre of the earth, is called the Axis of the Hea- 
vens, and is the line about which the heavens ap- 
pear to revolve. The point in which this line 
seems to meet the superficies of the Southern He- 
misphere, is called the South Pole of the Heavens, 
as the other is called the North Pole. 

The Poles are also distinguished by the names of Jrc- 
tic and Antarctic, 

6. As it is necessary, in order to ascertain the 
position of any point on the surface of a sphere, to 
refer it to two planes given in position ; so, in or- 
der to determine the places of the stars for any 
moment, and thereby to ascertain the laws of their 
motion, it is necessary to suppose certain planes 
to pass through the centre of the celestial sphere, 
to which these places may be referred. 

This gives rise to what is called the Doctrine of the 
Sphere, and the application of spherical trigonome- 
try to astronomy. 
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ASTROKOMT. 

7. A circle, the plane of which passes through 
the centre of the earth, and is perpendicular to the 
axis above defined, is called the Equator. The 

I Jine in which this plane cuts the surface of the 
arth is called the Equinoctial. 

a. The circles described by the stars in their diuniDl 
k] motion, are all parallel to the equator. 

8. If any plane pass through the poles of the ce- 
lestial sphere, the circle in which it cuts the sur- 
face of that sphere is called a Meridian Circle; 
and the section of the same plane with the surface 
of the earth, is called the Meridian of any of the 
points through which it passes. 

!. The planes of all the Meridians cut the plane of 
the Equator at right angles. 



g. If at any place on the earth's surface, the di- 
rection of gravity, (that is, the direction in which 
bodies fall to the ground, or the line in which the 
plummet hangs), be produced upward, the point 
in which it cuts the celestial sphere is called the 
Zenith of the place ; and if the same line be pro- 
duced downward, the point in which it cuts the 
celestial sphere is called the Nadir. If a plane 
perpendicular to this line pass through the place 
itself, the circle in which it cuts the heavens is 
called the Horizon. 

A3 «. The 
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a. The direction of gravity passes nearly through the 
centre of the earth. 

h. The Zenith and the Nadir are the Poles of tho 
horizon. 

c. If a plane parallel to the plane of the horizon of 
any place, fsas throwgh the centre of the earth, it 
will cut the eeleslial sphere ki a cirde hardly di- 
stinguishable from the former. It is called the 
Rational, and the other the Sensible Horizon. 

• 

d. The Horizon of any place divides the visible from 
the invisible Hemisphere. This supposes: the eye 
to be situated on the surface of the earth: if it is 
elevated above the surface, the apparent horizon is 
a circle parallel to the former, but lower, being the 
base of a cone which has the eye of the spectator 
for its vertex, and ^ ^iihthe supedicies touches 
the superficies of the eailtb vfll round. 

10. Circles, the planes of Which pass through 
the Zenith and Nadir of any place, are called 
Vertical Circf^Sf and are perpendicular to the ho- 
rizon of the place. 

a. The Meridian of any place, is one of the vertical 
circles of that place. 

h. The vertical circle that is at right angles to the 
plane of the meridian, is called the Prime Vertt-- 
cat. 

c. If 
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e. If a vertical circle pass througli a star, (or any 
point in the heavens), the arch of that circle inter- 
cepted between llie star and the horizon is called 
the Ahkudf of tlie star ; and'the arch of the hori- 
zon intercepted between the said vertical and the 
meridian is called the Azimulk of the star. 

rf. Vertical Circles are also called Cirdr$ of Azimuth. 

€. The altitude of a star above the horizon, is great- 
est tvfien it is on the meridian ; and a star has equal 
altitudes when it is at equal distances from the me- 
ridikn on either side, or when its eastern and west- 
ern azimuths are equal. 



11. AH the circles hltiierto defined, are deter- 
I mined fn their position, either by the diurnal mo- 
► tion of the heavens, or by the direction of gra- 

▼ity. 

12. If a meridian circle p ss through any star, 
tibe arch of that circle intercepted between the star 
and the Equator, is called the Declination of the 
Star; and if it pass through the zenith of any 
place, the arch intercepted between that zenith 
and the equator is called the Latitude of the 
place. 



13. The Latitude of any place is equal to the 

A 4 altitude 
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altitude or elevation of the pole above the horizon 
of that place. 

14. The elevation of the pole at any place is 
found, by observing one of the stars, which are so 
near it as not to set, when it passes the meridian 
above, and again when it passes the meridian un- 
der the pole ; that is, by observing its greatest and 
its least altitudes above the horizon : half the sum 
of the two altitudes of the star, is the elevation of 
the pole, or the Latitude of the place. 

For the star is always at the same distance from 
the pole ; so that on the meridian it was as much 
above the pole in the one observation, as it was 
below in the other. 

a. Those stars never set at any place of which the 
polar distance is equal to the latitude of the 
place. 

b. This observation requires the use of an instrument 
which can be placed accurately in the plane of the 
meridian, such as the Astronomical Circle, the Qua- 
drant, &c. or one like Hadley's Sextant, wtiich can 
deternuDe the greatest or least altitude of a star 
above the horizon, without any previous inquiry 
into the position of the meridian. 
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15. To find the Meridian Line, or that in which 
the plane of the meridian intersects the horizon of 
any place. 

Observe the altitude of a star when it is on the east 
side of the meritlinn, and mark on the horizon, 
the point which is in the same vertical circle, or 
which has the same azimuth with it. Observe the 
star when it has the same altitude again on the 
west side of the meridian, and mark in like man- 
ner the point on the horizon which is in the same 
vertical circle with it. The line that bisects the 

e angle made by lines drawn from the place of o\y 
servation to the two points thus marked on the 
horizon, is the Meridian Line. 
■ 
16. The meridian and the latitude being thus 
found, it" the meridian altitude of any star be ob- 
served, its distance from the pole, or from the 
equator, is determined. 

For the altitude of the equator, or of the point 
where the equator cuts the meridian, is known, being 
the same with the complement of the latitude ; and 
the dilferenee between the meridian altitude of the 
star and of the equator is the declination of the 
star. 

S. If 



For when the altitudes of a star on opposite sides of 
the meridian are equal, its azimuths, or the angles 
ich its verticals make with the meridian, are 
equal also. 
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I. li' tbe mertdian altitude of the star is less titan that 
of the equator, its declination is on tlie opposite 
side of the equator from the zenltli of the place, 
otherwise on tiie same. 

Thus the places of the stars, as north or south of a 
given plane, that of tlie equator, are detertnlneil ; 
but those places, to be fully known, must be deter- 
mined in the direction of east and west, in respect 
of a given circle at right angles to the equator. 
Now, of the circles at right angles to Uie equator, 
or the circles of declination, no one is lixed in its 
position, but all, of them revolve uniformly with 
tlie heavens ; so that it is only by the computation 
of time that one of them can be distinguished from 
another. 

r-4 Xhe circle of declination which passes through the I 
, point in the equator which the sun occupies at the ' 
vernal equinox, has some advantages above tho 
rest, as a line to which the stars are to be referred. 
It is called the Equinoctial Colure, and its position, 
with respect to the meridian of a given place, for a 
given instant, may be determined by means of a 
tloclt, regulated according to the following me- 
thod. 

"77, The time from a star being on the meri- 
tlian, to its next coming to ths meridian, is al- I 
ways of the same length ; it is called a Siderial 1 

04.' _ '■■■"- ■ -' 
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• 

Tlie bettor the machinei for mea«uriiig time are con- 
' strHcted, the more nettrly we they found to agree 
with the rnction of the heaviens. By this the uni- 
fermitj of both motions is ascertained. 

The siderial day is divided into 34 hours ; and as the 
whole circumference of the equator passes in that 
time over the meridian of any place, an arch of 15° 
passes in an hour ; of 1^, in four minutes ; of 1' in 
4 seconds of time ; and so in proportion. 

1 8. To compare the period of a clock with the 
length of the siderial day. 

Observe the hour at whicH e star comes to the meri- 
dian on any two successive days ; the interval ought 
to be 24 hours; if it is more, the clock goes 
too fast, if lessj too slow. By repeating these ob- 
servations day after day, the rate of the clock, or 
the quantity by which it daily advances on true 
time, or falls short of it, will be found. By shorts 
ening the pendulum, if the clock goes too slow, or 
lengtheniiig.it if the clock goes too fast, the mo- 
lion of the clock may be brought nearly to agree 
with that of the stars. 

19. The period of the clock being thus adjust- 
ed, it is required to find what hour the clock 
marks, when the point of the vernal equinox is on 
the meridian of a given place. 

Observe 
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Obseire the hour by the clock when the sun's centre 
is on the meridian; and observe also the declina- 
tion of the sun at the same instant. Let the angle 
at whicli the sun's path cuts the equator, or what 
is called the Obliquity of the Ecliptic, ~ 23".2T.30*; 



find an arch f, such that sin <? = 



tan Dec. 
tan 23°.27':30^ ' 



f has two values, let the least of them, turned into 
time, = ?'. When the sun's declination is north, 
the hour which tlie clock should have marked at 
the time of the observation is (>', if it be Ijefore, 
and ISh — 1(1, if it be after the solstice. When 
the sun's declination is south, 13 + <p' is the hour, 
if it he before, and 24 — $', if it be after the sol- 
stice. The error thus found may either be correc- 
ted or allowed for. The clock is afterwards to be 
regularly compaied with the southing of the 
stars. 



20. If a meridian circle pass through any star, 
the arch of the equator intercepted between that 
circle and the point of the vernal equinox, is call- 
ed the Right Ascension of the star ; and if a clock 
be regulated as above described, the time of a 
star's passage over the meridian, when turned in- 
to degrees, will be equal to its right ascension. 



\ 
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• Suppose tbe hour according to siderial time, when a. 
star passes the meridian, to be i^. iim. 50>«. 



Rinlit Asccn. = 



66°. 12'. 30". 



%. The preceding observations, for determining the pla- 
ces of the stars, are all supposed to be made on the 
meridian ; and such, when they can be obtained, on 
account of their simplicity, are preferable to all 
others. It often happens, however, that the stars 
must be observed when they are not on the meri- 
dian, and their positions, with respect to the im- 
moveable circles of the sphere, must then be deri- 
ved from spherical trigonometry. 

, The angle which the meridian of a star makes with 
the meridian of the place of observation, is called 
the star's Horary Angle, aa it is the angle which 
measures the time between the instant of observa- 
tion, and the star's passage over the meridian. 



fil. Of these five quantities, the Declination, 
the Altitude, the Azimuth, tbe Horary Angit: 
of a star, and the Latitude of the place of obser- 
vation, if any three be given, the other two may 
be found from the resolution of tbe spherical tri- 
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angle PZS^ fig. I. contained by the arches joining 
the pole^ the zenith, and the star. 

This general problem contains twenty cases, of 
which those that follow ara the most useful in 
astronomy. 

In all of these, we suppose d to be the declination, 
a the altitude, A the horary angle, z the azimuth 
of a star ; and I the latitude of the place of obser- 
vation. 



22. Suppose the altitude and azimuth of a star 
to be observed, and the latitude to be also known ; 
it is required to find the declination^ and the ho* 
rary angle of the star. 

Here a, z, I are given, to find d and £, or, in the sphe- 
rical triangle PZS, the sides ZP, ZS are given, 
(the complements of / and a) and the angle PZS, 
between them to find the side PS, and the angle 
P. 

By letting fall a perpendicular from S on the meri- 
dian, we may obtain a solution by case 1st and 2d, 
of oblique-angled spherical triangles. 

The solution may also be expressed analytically 
thus: 



Find 
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I^ind an angle x, so that 

tan X zz cos z\ x cot a, then 

. tan zxsinx 

tan h = 7 — --77- ; 

cos(* + /)^ 

, . J sin a X sin (ji -f /) 

and sm d =r ^ "^ . 

cos JC 

^he latter formula is useful, when the declination of 
a star i^ to be; determined by observations made out 
of,the meriifian. 

• • 

The former is useili}, when the time is to be found by 
the mere observation of a star. It is more usual, 
when this is inquired after, to bare the declination 
of Ae star ^en as in the foUowing^proMem* 

23. The declination and the altitude of a star 
being given, as also the latitude, to find the hora- 
ry angle. and the azimuth. 

Here the three sides of the triangle ZPS are given^ to 
find tKe angles at P and Z. 

If d! zz complement of Dec. 
< = complenient of Alt. 
/' == complement of I^at. 

sin 
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1 /'" 



a' + e-^J^ . tf—V + i 
__ xsin g 

sin ^ ^ ^ / *'-^ — ' — 5 — T, — ^~* — *if —4^ 

im / X sin a 



. i^af'—V . i^a' + t 



1 sin — '—-^ X sin 

and sin - £: =: / 



2 Hi smrxsmj? 

By the first formula, the hour can always be deter- 
mined from astronomical observations, if the time 
of the star'^s passing the meridian is known. 

The second formyla serves to find the meridian, fh^ 
the observation of the altitude of a known star. 
The meridian, however, is better found by obser- 
ving a star when it has the same altitude on the 
east and west sides of the meridian, and bisecting 
the difference of the azimuths, as in § 15. 

24. Let tf , h and / be given, to find d ; that is, 
the altitudjs, the horary angle, and the latitude, to 
find the declination. 

a. Here two sides of the triangle Z!PS are given, and 
the angle opposite to one of them, to find the third 
side. This falls under Case 7. of oblique-angled 
spherical triangles. 

h. Find 
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h. find an arc x, siich that tan «=: cos A x cos /. 
Next ind to arc jr, 80 that co8j^=i?i?.'*-'i^; 

then the complement of Dec. = y + «. 

This solution is from its nature ambiguous ; the sum 
of ^ and X must be taken, when the perpendicular 
from the. zenith, on the circle of declination, falls 
within the triangle ; their dinerence^ when it falls 
without. 

25. Let tf, df z be given to find /, or to find the 
latitude from observing the altitude and azimdth 
of a star, and knowing also its declination. 

Here, again, in the triangle ZPS, two sides are gi'« 
ven, and the angle opposite to one of them, to find 
the third side, the complement of latitude. The 
perpendicular must be let fall from the star on 
the meridian ; and the distance of this perpendicu- 
lar, first from the zenith, and then from the pole, 
is found as in the last case ; the sum or diiference 
is the complement of the latitude. 

26. Let d, d and //, be given to find /; that is, 
the altitude and horary angle being observed of a 
star, of which the declination is known, to find 
the latitude.. 

Vol. 11. B The 
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The perpendicular is to be let fall, as in tbe last cas«, 
from the star on the meridian ; and there being 
two sides of the KpheriCal triangle given, and the 
angle op])osite to one of tbem, the calculation is 
ns before. 

This problem u useful for finding the latitude, when 
two equal altitudes of a star are observed, and the 
interval of time between the observations. The 
half of the interval gives the horary angle, and so 
the latitude may be found as above. 



27. In the above formulas it may happen, that 
«no, or that tlie star is in the horizon, or 90* 
from the -zenith. The horary angle is then found, 
if the latitude and declination are given, from a 
right angled triangle, of which one of the sides, 
containing the right angle, is the elevation of the 
pole, tbe other, the arcb between the star, when 
rising qr setting, and the meridian ; and the hy- 
pothenuse is the distance of the star from the 
pols. 

In this case, the horary angle, (converted into time), 
is the time of half the stay of the star above the 
horizon, (or under it), and if it be called H, 

cos H = ten / x tan if . 

The other side of the triangle, or the azimuth of the 
rising or setting star, is also called the Amplitude, 

and 



ASTRONOMY, 
and is found from this formula, 

sin d 
cos amplit. — ' — J. 



This is much used in navigation, for ascertaining the 
variation of the compass. 

S8. In those stars which are less distant from 
the pole than the compleraent of latitude, the tri- 
angle formed by the star, the lenlth and the pole, 
becomes right angled at the star, when the 
circle described hy the star, in its diurnal mo- 
tion, touches the vertical ; the azimuth is then a 
maximum, and is found from the soluticn of a 
right-angled triangle, in which the hypothenuse, 
the complement of latitude, and one side, the com- 
plement of declination, are given, to find the 
angles, one of which is the azimuth, and the 
oth^r the horary angle of the star, 
cos Dec- 



Hence sin ; : 



and C03 k ~ 



cos Lat. 
cot Dec. 



cot Dec. X tan Lat. 

The first of these gives thp azimuth when it is great- 
est, the second the hour when that huppen:;^ They 

arc much used for finding the meridian line. 



23. Anothei" 
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29. Another purpose for which spherical trigo- 
nometry is employed, is, when the position of a 
star relatively to one circle of the sphere is given, 
to find its position relatively to another which is 
given in position with respect to the first. 

The position of the fixed stars, by the foregoing ob- 
servations, are found relatively to the equator ; 
tbat is, the perpendicular arc from the star to the 
equator, is given, and also the distance of that 
perpendicular from a given point in the circumfer- 
ence of the equator; but there is another circle, 
called the Ecliptic, to which it becomes necessary 
to refer the stars. This circle cuts the equator at 
the points of the vernal and autumnal equinoxes, 
and is inclined to it at an angle known from obser- 
vations which will be afterwards explained, to be 
nearly 23". 27'. 30". 

The distance of a star from this circle is called the 
Latitude of the star, and is reckoned north or south 
according as the star is on the same side of the 
ecliptic with the North Pole, or the South. 

The arc of the ecliptic intercepted between the per- 
pendicular from the star, and the point of the' 
vernal equinox, is called the Longitude of the 
star. 

Let the angle formed by the equator and ecliptic, or 
the Obliquity of the Ecliptic be =: 9- 

30. Suppose 
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30. Suppose that the right ascension and de- 
dination of a star are given, to find its longitude 
nd latitude. Find an arc j-, such that 
cot .r z= sin 2 X cot Dec. 

The deblinatioQ, if north, is reckoned positive, if 
south, negative, and x has the same sign with it. 

T.et y = x — ip, p being reckoned positive for that 
half of the ecliptic which is north of the equa- 
tor, and negative for the opposite, or which 
comes to tiie same, positive when the right a3cen- 
flion is less than a semicircle, negative when it is 
greater. 

Then ton Long. = ■"».? " "■■ Rigl" A..., 

° COS X 

and tan Lat. = sin Long, x tanj/. 

If tan Long, come out negative, the longitude is 
greater than a semicircle ; if tan Lat. is negative, 
the latitude is south. 

This rule, which is Dr Maskblynb's, is quite free 
from ambiguity, and as simple as the nature 
of the case will allow, and is deduced from 
fig. 2., in which A is the intersection of the equa- 
tor AQ, and the ecliptic AE ; S the place of a 
star, SB an arc of a meridian equal to the declina- 
tion ; AB the right ascension, SD the latitude, and 
AD the longitude of the star. See Vincb's Att. 
yol. I, p, 39. La Landb computes the angle BA9, 
B fi and 
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and the arc AS, in the triangle ABS. Hence th« 
angle SAD being known, and th^ side AS, in the 
triangle ADS, the sides AD and DS are found. 
This is somewhat more prolix. Cagnoli, § 1448, 
(2d edit.) considers the subject differently, but 
brings out the same solution with Dr Masks- 

LTNE. 

De Lambre has computed tables, for facilitating this 
computation, as it occurs yerj often in astrono- 
my. 

If the star is in the ecliptic, or Lat. =0, » = ^« 
and y = 0, 'therefore cos^ ?^ 1, and 

- tan Right Asc. 

tan Long. t= -f-- • 

° cos^ 

The changes are obvious, that would make the same 
formulas apply to the converse of the problem, 
yiz.. to find the right ascension and declination from 
the longitjude and latitude being given. 

.31. By the methods now explained, and chief- 
ly by the observations made on the meridian, ca- 
talogues of the stars have been formed, in which 
their places are all set down in respect of the cir- 
cles of the sphere, viz. the Ecliptic or the Equator, 
but most comttfonly the former. 

a. HipPARCHus began th^ first catalogue of the fixed 
stars, 120 years A. C. " Au9U8^ says P^int, " rem 

etiam 



ASTRONOMY. 23 

rluan Dto improbamt aniiumrrare ilttloM, atlo in h<r- 
rciilaU cunclis relicto."'' Lib, ii. cap. 86. 

This catalogue was afterwards published by Ptolk- 
MT, with some additions, and contained 1022 

stars. 

6. The use of the tdescope increased the number of 
the visible stars, as well as the precision with which 
their places were ascertained. The Britannic Ca- 
talogue, published by Flamhtead in 1689, contain, 
ed nearly 30!}il fixed stars. Great additions have 
been made to this catalogue, particularly by La 
C*ii.LE, who determined the places of nearly 
10,000 in the southern hemisphere. 

Mr Wallaston, in 17S4', published a catalogue, in 
which the stars are arranged according to their 
right ascension and declination. 

The different volumes of the Connouaance des Tims, 
contain a catalogue of more than 19,000 fixed 
stars. 

La L*nde and his nephew observed, in the space of 
- twelve years, .50,000 fixed stars, and determined 
their places exactly. Mhi. deC Academic des Scien- 
ce), Paris 1789. 1790. See Mostucla, vol. iv. 
p. 28., kc. 

e. Some catalogues, though not very numerous, are 
highly valued for their accuracy, such as that of La 
Caille, containing 5\a stars; of Bhaolet, con- 
taining 3S9, Naut. Almanack, 1773; of Mater, 
B 4 containing 
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containing 998; of MASEELVNe, containing onljr 
3ti ; but the places determined with such exactness, 
as to render it extremely valuable. See his Astro- 
nomical Obsfrtalions, J 770. 

Bode's Alias, Berlin, 1797, is the largest catalogue, 
reduced into one bod}', that has appeared ; it con- 
tains 17,000. 

d. The number of the stars, however, visible with 
the telescope, far exceeds whatever can be reckon- 
ed. The bright tract in the heavens, called the 
Milkt/ Way, seems to owe its white appearance to 
an incredible multitude of stars, which the eye can- 
not distinguish. Dr Herschll has seen 116,000 
stars pass through the field of his telescope in a 
<]uarter of an hour ; though the field was not more 
than 15' in diameter. 



S2. The most obvious distinction among the 
stars, is founded on their different magnitudes. 
Those of the first magnitude, are distinguished by 
particular names ; there are only ten visible in 
Europe, which all astronomers have agreed to 
belong to that class. 

a. The stars visible to the naked eye, are divided, in 
all, into six classes, not very accurately separated 
from one another. The ancients counted 15 of the 
first, 45 of the second, 208 of the third. La 
T.ANDE, § 537. 

Dr 
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Tram. N" 364. Also ViscE, 



- Dr HiLiEr, Phil. 
vol. t. p. 505. 

b. If c be the class reckoned from the first, 13 x c' is 
nearly the number of stars iu that class. 

33- The fixed stars are not scattered over the 
heavens indiscriminately, but are disposed in 
groups; to which, from the most remote antiqui- 
ty, names have been given from certain figures of 
animals, conceived to be connected with them, 
which are called Constellations. 



a. In the beginning of astronomical s 

only by such a device as this that men could speak 
of the stars, or describe them to one another. It 
is a remain of the ancient picture writing, that pre- 
ceded alphabetical language. 

h. The number of the ancient constellations was 48 ; 
S4 have been added by the moderns, 14 in the 
southern hemisphere, and 10 composed out of 
groups, not included in the ancient arrangement. 
The stars of each constellation are distinguished 
by the Greek letters, disposed in reference to their 
magnitude and position. 

For the method of distinguishing the constellations, 
see La Lanoe, tom, i. S 735., &c. 



34. Many of the stars, which, to the naked eje, or 
thro4gh telescopes of small power, appear single, 
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are found, with higher magnifiers, to consist orj 
two, sometimes three or more stars, estremelyl 
near to one another. 

a. Dr HenscKEi. has observed do less than ' 
these multiple stars, of which only ■IS were know; 
before. In some of them, the amsU stars are d 
ferent in brightness, and in the colour of t 
light. Thus 7, Andromeda, is double, the s 
very unequal ; the largest a reddish- white, tiM 
smallest a sky-blue, inclining to green. See Vnic 



35. The fixed stars are not entirely exempt from 
change ; several stars which arc mentioned by tl 
ancient astronomers having now ceased to be % 
sible, and some being now visible to the naked 
eye, which are not in the ancient catalogues. 

a. It was the appearance of a new star that induced 
Hi^PABCHU* to begin his catalogue. A new star 
which appeared in Cassiopeia's Chair, in 1572, ex- 
ceeded Sirius in brightness, and was seen at noon- 
day. It did not change its place, but gradually 
decayed, and in about sixteen months disappeared 
entirely. It is supposed to have appeared before in 
94fi, and in 1264. Vince, § 704. 

i. A star of the same kind was seen by Kepler in 
1604; sad several similar facts are recorded. 



■ Algol, 
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^, Algol, or fi Persei, lias been observed to bare pe- 

1 riodical cbanges of brightness, that return at the 

distance of about S dap and 21 hours. At iti 

greatest brightness, it is of the second, at Its least, 

of the fourth magnitude ; the change from the first 

' state to the second is made in about three hours 

. and a half, and the change back again in the same 

L time ; during all the rest nf tlie period it pr&- 

I serves its greatest brightness, Phil. Tram, 1773. 

I Also ViNCE, § 713. 

lome other stars are subject to similar variations. 



3fi. Though the fixed stars are without sensible 
motion relatively to one another, yet many of 
them, when observed very accurately, arc found 
lo change their places slowly. 

'his was suspected by Mayer, but was first proved 
by Br Maskelvne. 

the right ascension of Sirius diminishes annual- 
ly by two thirds of a second, and his declination, 
.(which is south), increases by I ".2. Something of 
the same kind is observed of several otliers. Vince, 
g 724. Whether this motion is always in the same 
direction, or always at the same rate, is not yet 
known. 






. In many places of the heavens, spaces faint- 
ninous, or shiuing with a pale white light, 
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and of an irregular shape, are discovered ; -and on 
applying to them telescopes of great power, they 
are resolved into a multitude of sraaU stars, dis- 
tinctly separate, but extremely near to one ano- 
ther. These are called Nebula. 

a, Tbe Milky Way is a apace of Ibis kind, visible t« I 
the oakeil eye, and encotnpassiag the whole bea.'| 
vens. Dr Hcbschel's telescope discovers it to con-1 
sist of a vast multitude of stars, (§ 31 . d). 

Other two nebula near the South Pole, distinguish- 
able by the naked eye, ore called by sailors the 
Magellanic Cloudn. The telescope shews them also ■ 
to be composed of stars. 

b. The other nebula are not visible but with tele- 
scopes. HuYGENs discovered one in Orion's Sword, 
that appeixred a bright spot on a dark ground, and 
seemed like an opening into some brighter re- 
gion. 

p. Several more nebula had lieen observed before Dr 
Hbrschel, by Halley, Cassini, La Caille, &c. 
and a catalogue of 103 was published by the French 
astronomers, in the Connoissance dea Terns for 
1783' Dr Hehscbel has given a catalogue of 
more than 200U discovered by himself. Phil. 
Trans. 1786, 1789, &c. 

38. Dr Herschel has also discovered neiMix/j 

stars, that is, single stars, surrounded by a faint 

luminouB 



1 

i 
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nous light. This light has not been resolved 
into small stars, and Dr Herschet, believes it to 
bC' the effect of a Uiminous fluid. Phil. Trans. 



. As the apparent motion of a body, in anjf 
direction, may arise either from the real motion of 
The body in that direction, or from the motion of 
the spectator in the opposite ; so the appearance of 
the diurnal motion of rhe heavenly bodies, round 
the earth, may either be produced by the real re- 
volution of the heavens from east to west, or by 
tbe rotation of the earth, on its axis, from west to 



1 principle is conformable to the experience of 

■ every day, and a§ there are, therefore, two ways of 

accounting for the phenomena of the diomal mo- 

■^^ lion, we must choose that which is least liable to 

I objection from other quorterB. 



It is no objection to the supposition, that 
the diurnal motion of the heavens arises from the 
motion of the spectator, that he himself is not 
serslble of his motion. The motion which any 
bodj has in common with other bodies, does not 
affect its state with respect to those bodies, and all 
the relative motions take place just as if the mo- 
twm common to them all had no existence. 

This 
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This has been explained under tlie heads of the 6x» 
law of motion, and of the distinction between a 
solute and relative motion. 

/| 

41. The reality of the diurnal revolution of thi 
heavens, is liable to a great objection, as supposing 1 
that a circular motion, in the same direction, is 
common to an immense number of bodies, far dis- 
tant, and entirely detached from one another ; and 
that this motion is so regulated, that their revolu- 
tions are all performed in the same time, and in 
planes parallel to one another. 

The revolution of a detached body about a centre, or 
about an axis, cannot take place without a foixe 
constantly acting, to draw it out of tlie straight 
line in which it has at every instant a tendency t(K 
continue its motion. The revolution of a t 
body, like tlie earth, on its axis, may arise froa 
one original impulse ; its continuance requires t 
new action, but is a consequence of the inertia d 
matter. 

It was to obviate the diiHcidty arising from thi 
tached and distant situation of the bodies, to whi< 
motions were ascribed so closely connected with 
one another, that the hypothesis of crystalline 
orbs was invented. To those who do not believe 
in these orbs, the diurnal revolution of the heaveni 
can have no probability 



theheaveni J 
42. Th^ 
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42. The physical and mechanical objections to 
the rotation of the earth being entirely obviated, 
while they press so hard upon the opposite hypo- 
thesis j the simplicity of the explaimtions atTorded 
by the former, justifies us in admitting it as the 
cause of the apparent diurnal revolution of the 
heaTens, at least till some fact, or some principle 
inconsistent with it is discovered. 




i)V The atmosi'uerical kefractios. 



W RAY of light, in passing through the at- 
[cre, is bent into a carve, in the same verti- 
cal plane with the original ray, and concave to- 
ward the surface of the earth. But the object 
from which the ray comes, is seen in the direction 
which the ray has when it enters the eye, and 
therefore it appears elevated above its true place. 
This is called the Atmosphencal, and somcrinies 

IMtrommkal Rejraciion, 
R'The effect of tlie atmospheric refVactioii alters the 
ulace af an object only in % vertical pjaue ; it in- 
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creases the altitude, but do^ not affect the tei^ 
muth. 

ft. Hence all the altitudes, measured as in the pret^ 
ding sections; reqtiire corrections to be aj^lied ta 
them before the true altitudes are obtained. 

The method of making these correction^ is now to hi 
explained. 

44. From the principles of optics, it is known^ 
that the rays which pass through the strata of the 
atmosphere at right angles, or which come from 
stars in the zenith, suffer no i-efraction, and that, 
at all other elevations, the quantity of the refrac- 
tion is nearly as the tangent of the zenith dis- 
tance. 

a. If X be the true distance of a star from the zenith, 
and y the refraction, so that the af^arent distance 
is » — ^, then, by the nature of refractimi, sin « if 
to sin (x — -^) in a constant ratio, suppose that of 
m to It; and since sin (x— -^) =r sin x. cos^ 

— cos X . sin^, — sin » =r sm « . cos^ «- cos x . smy, 

» cos X * -^T -i* < 

•or — =cosy — -; — ^.smv. Now if v be very 

smaU, cosy=l nearly; and therefore siny = 
n\ sin* ^^ n\ ^ . 

nearly. 
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arly, j/ = (1 — -j tan x ; wl 



here the constant co- 



Pi^clent 1 - 



i to be ilctermineil hy ohserva- 



I tion. 

s evidcDt that this approximation is imperfect, 

' because it gives j/ infinite when x = 90°, or when 

the star is in the horizon ; and in all cases wheh 

the altitude is small, it gives the refraction too 

great. Dr BrjIdlby found that the refraction was 

more nearly as the tangent of the zenith distance, 

diminished by a certain multiple of the refraction, 

^ or that ^ = A . tan (x — t^). He also found A— 57' 

ksnd i = 3 nearly, bo that j/ = S7" tan (x — 3^). 

To use this formula, we may suppose, for a first ap- 
proximation, y = 57" tan x, wlien * is not very 

great. 



= 90°, we must a 

f tnab. 



, and correct the value 



e manner in wliich the constant quantities A and b 
t have been determined, remains to be explained. 



, As the determination of the latitude of a 

, and of the declination of a star, in- 

t?e the effect of refraction, they are not to 

employed for finding the refraction, except 

lien a considerable error in them will not pro- 

~\u II. C duce 
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duce any sensible error in the refraction to be 
found. 

In conformity with this rule, the following method 
of finding the horizontal refraction may be em- 
ployed. 

4,6. A star which risea and sets due east and west, 
would be as long under the horizon, as it is above 
it, if there were no refraction. It will be found, 
however, by observation, to be longer above than 
below the horizon : take half the difference, and 
reduce it to degrees, or paits of a degree ; then 
multiply this last by the cosine of the latitude of 
the place j the product is the horizontal refrao 
tion. 

a. In this way, tlie mean horizontal refraction will 
be found to be 33' ; and here it would require a 
great error in the latitude to produce an error at 
all sensible in the refraction, 

b. This method requires a situation, where the stars 
to be observed rise and set in the spa. It may,^ 
however, be extended, though with less simplicity, 
to all the stars, and to their descending, not below 
the horizon, but below a given altitude, or a given 
parallel to the horizon. 

47. Observe the altitude and aximuth of a star 
of a known declination at the same instant ; from 

the 
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■n^Simuth, the polar distance, and the comple- 
ment of latitude, cojnpute the altitude ; the diffe- 
rence between this and the observed altitude is 
the refraction. ■ 

1. This may be easily done with the Astronomical 
Circle, which measures altitudes and azimuths at 
the same time. The eircumpolar stars are well 
suited to this observation. 

The triangle tnay be resolved by Napieh's rules, 
Mauduit, p. 76. atiot. 3. See other methods, 
ViNCE, § 176., &c. WooDHousa, § 85., kc. La 
Lande, 2170., Sic. 

Wh, If the time from the altitude of a known star, on 
the one aide of the meridian, to the same altitude 
on the other side, be observed, the apparent alti- 
tude may be calculated from thence ; and if a cir- 
cumpolar star is used, great accuracy may be obtained 
in this way, as a small change in the altitude pro- 
duces a great one in the horary angle ; so that to 
observe this latter angle, is the most exact way of 
coming to the knowledge of the apparent alti- 
tude. 



48. The refraction varies with the state of the 
barometer and thermometer, and, for the same 
altitude, is nearly proportional to the density of 
the air at the earth's surface. 

C 2 a. Dr 
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a. Br Bradllv has given a formula, expressing thai 
variation of the refraction. 

Let b ~ height of the niercurv in the barometer ii 
inches, h =^ height of FAHRENHerr's thermometer, 
2 = the zenith distance, r = the mean refraction 
computed by the rule, (§ 44. b.), the correct refraO' 



tion / : 



br 400 

^ '^ 350 + A • 



This formula would be improved, by introducing t 
expression for the density or specific gravity of the 
air from vol. i. § 3+4. ri — r, when ft = 29.^ 
and h ~ 50'. In that case, there is no eorreci 



49. Not only are the stars elevated by refrac- 
tion, but all terrestrial objects are elevated fronv 
the same cause, by an angle equal to that whic 
the straight line drawn from the eye to the object 
makes with the tangent to the path of the ray at 
the point where it enters the eye. 

The refraction of the heavenly and terrestrial bodies 
is differently estimated. That of the celestial body 
is the angle contained between the tangent to the 
curvilineal path of the ray where it is first acted on 
by the atmosphere, and the tangent to the f 
curve when it enters the eye. The refraction of* 
terrestrial body ig the angle contained between tba 
tangent 
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tangent at the eye and the chord of the arch inter* 
eepted between the object and the eje. 

^ear the earth's surface, the curviliheal path of t^e 
ray of light may be supposed nearly to coincide 
with the circle of equal curvature. 

50. If the elevation of the top of a mountain 
from a point in the plane below, and the depres- 
sioq of that point from the top of the mountaip, be 
both observed at the same time, the angle subtend- 
led at the earth's centre, by the distance between 
them, added to the observed elevation, and the 
«um diminished by the depression, is double of 
the refraction. 

This supposes the path of a ray of light, for a small 
part, to coincide with a circle. If, in fig. 4., the 
arch from B to A be the path of a ray, and if AH 
and BP be perpendicular to AC, BC, in A and B ; 
the tangent EA, EB being drawn to the path of the 
ray, HAE is the apparent elevation of B from A, 
^nd FBE the apparent depression of A from B ; 
the true elevation being HAB, and the true de- 
pression FBA. It is evident, that FBA = 
BAH 4- ACB, that is, true Elev. = true Dep. + 

Hor, ang. But true Elev. =: app. Elev Ref. ; 

and true Dep. = app. Dep. + Ref. ; therefore 2 R^f. 
= Jlor. ang. + app. Elev. — app. Dep. 

C 3 51. Thq 
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51. The ' terifestrial refraction found by means 
of the preceding theorem, when the elevation is 

not very great, varies from 4 to 3t; of the angle 

subtended by the horizontal distance of the ob- 
jects ; and the radius .of curvature of the ray, 
therefore, varies from twice to twelve times the 
radius of the earth. 

In the mean state of the atmosphere, the refraction is 

about -j-i of ^he horizontal angle, and the radius of 

curvature of the ray seven times the radius of the 
earth. 

The terrestrial refraction must vary with the density 
of the air,, that is, with ]the barometer and thermo- 
meter. The great differences, however, remarked 
in this proposition, must be owing to some other 
cause. . ..J 

In the meksuriement of heights, the angle of elevation 
should be diminished by one*fourteenth of the angle 
corresponding to the horizontal distance, suppo- 
sing the refraction to be of the mean quantity. 

• 

52. The effect of refraction may also be allowed 
for, by computing the correction of curvature, as 
in § 248. vol. i., and taking one-seventh of it, for 
the number of feet, by which the object is ren- 
dered 
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4cred by the refraction higher than it ought to 
be. 

> If 1j is. the length of 'the horizontal line in English 

2L* 
miles, the eoirectipn fpr ci^ai^ure in feet is -s~» 

2L* 
and for refraction ., . 

Til 

In the measurement of heights, it niust be observed, 
that the one of these corrections is opposed to the 
other. 

In the next section, the method of estimating the 
angle subtended by the horizontal dbtance will be 
explained. The subject of terrestrial refraction 
requires to be farther investigated by observations 
of elevations and depressions made at the same 
time, and with a reference to the states of the 
barometer and thermometer. 



Sect. III. 



FIGURE OF THE EARTH. 



53. 'The figure of the earth is understood to be 
determined by a surface at every point perpendi- 

C 4 cular 
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cular to the direction of gravity, or to the direc- 
tion of the plumb-line, (§ 24. b). 

This; surface is the same that the sea would hsT^ if it 
were continued all round the earth ; or, if we were 
to trace curve lines, by levelling from a given point 
round the earth, in every direction, till they re- 
turned into themselves, the superficies in wiiich all 
these lines would lie, is that which we consider aa 
the superficies of the earth. The giyen point may 
be supposed any one, on the level of the sea* 

The figure bounded by this superficies, is that which 
is really measured by 'the combined methods of 
astronomy and practical geometry^ and is to be 
carefully distinguished from the acUial figur^ of the 
earth, including all its inequalities \ or from an ave- 
rage figure that should leave out as much Qf Solid 
" matter above it, ^s is included of empty space un** 
dent. 

54. The length of an arch of the* meridian, tra- 
ced on the superficies above defined, may be mea- 
sured by observing the latitude of the two extre- 
mities of the arc, and then measuring the distance 
between these points in fathoms, toises, or any 
other known measure. 

The distance, as measured on the surface, divided by 
the degrees, and parts of a degree contained in the 

difference 



V. 
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ilifTerence of the latitudes, will give the length of a 
degree. 

^HATOSTHENEB was the first who applied this method 
to the estimation of the earth's clreuniference. liy 
measuring, or rather estimating, the difference of 
latitude between Alexandiia and Syene, and also 
their distance, he concluded the circumference of 
the earth to be 250000 stadia. Muntlcla, Hisioire 
(Us Math. tom. i. p. at2 2de edit. 

[ The length of a degree, or of any arch of the pieri- 
dian, is determined by taking two points nes.ily at 
the dblance of the urch requiied, and nearly north 
and south of one another. A series of triangles is 
then to be carried from the one point to the other 
by means of stations taken on the to/is of hills or 
other elevated grounds f he angles of these tri- 
angles are to be iDeasured«>'{ts aljo the azimuths 
of the sides, at the ucJnts where the series of 
triangles begins auiL-^Tnds. Thus, there is a series 
of triangles all gj^^ in species which connects the 
two extreme jtijints, and the bearings of the sides 
of these tmngles, in respect of the meridian of the 
first stolon, are also given. 

I The.'ingths of the sides of the triangles in known 
measures, toises or fathoms, is next found by mea- 
suring a base on a level ground, and connecting it 
by angles with -the sides of one of the triangles. 
In all this we proceed as if the triangles were plane, 
whereas they are in fact spherical, and the three 
angles 
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SDgles of cacli exceed two right angles, by a qusn- 
tity called the Spherical JCxcest ; which is to four 
right angles, as the aiea o( the triangle to half the 
superficies of the globe. By knowing the spherical 
excess, the errors in the measures of the angles are 
discovered ; and it is also known, tliat if from each 
of tlie angles of any of the triangles, be subtracted 
one-third of the spherical excess, the sines of tl»^ 
angles so corrected are proportional to the lengtlw 
of the sides ; so that all the triangles, though strict* 
ly speaking spherical, may be resolved by the rulet 
of plane trigonometry. 

In this way, the distance of the two points at first as^: 
sumed is computed, as also their distance reduced' 
to the meridian of either of them. 



o5. When, by sucli accniate observations, the 
lengths of degrees were determined in diifcrent la- 
titudes, they were found to increase gradually from 
the Equator to the Pole. 

•9l.' 

if(t '.The radius of curvature of the meridian, therefore, 
increases as we go toward the Pole, and the curva- 
ture itself diminishes. The earth, therefore, is not 
a sphere, but is flattened at the Poles, so that the 
axis from Pole to Pole is less than the diameter ot. 
the Equator. Though it is only by experiment 
that the true figure of the meridian can be disco, 
vered, it has been found necessary to assume hypo- 
thetically, for its figure, the curve which is next in 
simplicity 
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- sinplicit^ toithe cirde, viz. the Ellipsis,- and also 
' ' ite Mpp0se the saperficies of f^e'e&rlli to be that of 
:. ASjAeratd^nenited'bytfae revblution of this ellip- 
' .' tf^ About it««hMier axii. 

, Id many complex cases, this mode of approximating 
to the truth, by probable assumptions, is the sim- 
plest that can be pursued. The hypothesis thus 
assuDied, must be rtgcKousI^ submitted to the test 
of experience. 

56. The solid cont;uned "by the radius of curva- 
ture, at any point in an ellipsis, and the square of 
the semiparameter of the greater axis, 4s equal to 
the cube of the normal at the same point. 

That is, if a and b are the aemiaxes, r the radius of 

curvature, n the normal at any point, n' = -j x r . 

See PhisiDS de Jnaltfsi SeU. Con. ■ Opera, tom. 1. 
p. 96. prob. 32. Newton's Conic Sfctinits, prop. 
78. cor. 2. 

'..SX., tienoe the radius of curvatinie, at' any point 
flf the vteaditai, and consequently the length of a 
degree' at that point, Tiiay be expressed in terms of 
the latitude: if r he the radius of curvature at 
a point, of which the latitude is x, a and b de- 
noting as before, 

aH'' 

{a' cos A* + i* sin a'J* ' 
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Let ADB be one half of the meridian, A and B 
points in the Equator, C the centre of the earth, D 
the Pole, EA a perpendicular to the meridian at 
E, a point of which the latitude is a =: EGA, H 
the centre of curvature, F a perpendicular on the 
axis ; then EG is the normal, or H, GF the sub- 
normal = S ; let CF = at, and FE = v ; then 

y^—-^ (a' — x^) • But, by the property of the 

a} 
subtangents of the ellipses, a; =: _ « ; also, 

5 =rn cos A, and ^ =: n sin a ; therefore, by sub&ti*! 
tution, 

n" (i* sin A* + a^ cos a^) = i*, 

^nd n ZZ 






(a* cos A* + b^ sin a*)9 



a^ 



Now, by § 66. r = p »' ; therefor^, 



r = - 



(a^ cos A* + b^ sin a^)^ 

If D be the length of a degree in lat. ^a, anc| 
m = 57o,2967796, the number of degrees in aa 
^c equal to the radius, then r = m D, 



f^nd D =: 



I • 



m (a* cos A* + J» sin a*)t* 



58- l^ 
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58. In an ellipse where the eccentricity is 
small, or where a and b differ but by a small 
quantity c, this general formula may be reduced 
to more simplicity, by extracting the root qf the 
denominator, and rejecting the powers of i great- 
er than the iSrst ; we have then 

m D = a (1 H sin a^) . 

^ a a ■ ^ 

* # • 

ft. This value of m D may be changed into anotner, more 
convenient in calculation, by substituting for sin a^ 

its value ^ > from which is obtained 

2 

mD = a(l_JL_|fcos2x). 

A. At the Equator, a = 0, and cos 2 a = 1 ; so that 
mD = a(l- ?j =a — 2 c. 

c. At the Pole^ a = 90^, 2 a = 180° ; and since 

cos 180« = — 1, ^D =a + c. 

The degree of the meridian at the equator, is there- 
fore to the degree at the pole as a — 2 c to 

d. In the parallel of 4S«>, 2a=:90«>, and cos2a = 0; 



therefore mD = d— 2> 



The 
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The radius of cunratui^ at the piarallel of 45^ 5 or 
m D, is nearly an arithmetical mean between the 
radius of the equator and half the earth^s axis. 

« 

The degree in the parallel of 45 is also an arithmeti- 
cal mean between any two degrees equally distant 
from it on the north and on the south. 

e. The degree in any latitude is understood to be that 
of i^hich the middle point is in that latitude. 

f. If, therefore, D be found by actual measurement in 
any two known latitudes^ we shall have two equa« 
tions, in which a and c are the only unknown 
quantities, and from which, therefore, they may be 
determined. 



59, The lengths of two degrees, of which the 
middle points are in given latitudes, being known ; 
it is required from thence td determine the diame-^ 
ter of the equator, wd the axis of the earth, that 
is, the longer and the shorter axis of the elliptic 
meridian. 

a. Let D and D' be the given deg|-eet, (the least, or thai 
nearest the equator, being D), a and A' the lati- 
tudes of their middle points, a the semitransverse 
axis of the meridian, c the difference of the semi^ 
axis ; we have the equations^ 

mD — 
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mu c: a — -— .— cos^a, and 



Hence c =: g»^(D-D) _ 
3 (cos 2 >. — cos S A') ' 



a 3D (cos 2 A — cos 2 a) * 



Also, if - = », 



mD 



l_?_?i?cos2A 
2 2 



'i. These formulas will be reduced to others, more con- 
venient for logarithmical calculation, by substitu- 
ting for cos 2 a — cos 2 a', its value, viz. 

2 sin (a + a') X sin: (a' — a) ; 

,, m(iy — D) 

men c - 3sin(A' + a) X sin (a— a) ' 

and - - ^ "~^ ' 

a 3 D sin (a' + a) x sin (a' — a) * 

When A IS nothing, or when one of the degrees is at 
the equator, a -f- a' and a' — a, are each e(|ual to 

a' soc=: — k - ■ ^\ — ^; therefore the excess of the 
' 3 sm- A 

degree. 
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degree, in any latitude, above the degree at the 
equator, when divided by the square of the sine of 
the latitude, should always give the same quotient^ 
or the excess of the degrees of the meridian above 
the degree at the equator^ should be as the squares 
of the sines of the latitudes. 



m.(D^~D) 
3 sin (a' + a) X sin (/ ■*— a)' 



Since c =i 5— ? — 77 / . ^x ,, „:„ fj — »r>5 



D' — D= ~ sin(A' + A)xsin(A' — a). 



L If, then, D' and D are two contiguous degrees, sor 
that a'-x + 10, D'— D = — sin (2a + !<>) xsin I**; 



aod since sin l" = .01746/ ly-i-D =r 

3c X. 01745 . ,a 

^ 8m(2A + l<>). 

The contiguous degrees, therefore, differ by a quan- 
tity proportional to the sine of twice the middle 
latitude. The difference is a maximum, when 
3 A + 1 = 90°, or when the middle latitude is 

46°. 



The 



# 
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?fee"qu8nfity - Is called the Compiession, and deter- 

t- mines tlic species of tlie ellipsis. 

■ We shall now take far the determination of the fi- 
gure and magnitude of the earth, the five arches 
subjoined, as those that have been mea.sui'ed with 
the greatest care, and the best instruments) as 
being the largest also, and the most distant from 
one another. 



I. 
11. 
III. 

IV. 
V. 


Lot. 

0= .V.t)~ 
11 .0.0 
*5 .0,0 
53 .2 2 
66 .20.10 


Deg. ill 
toises. 


Deg. in 
fathoms. 


Country. 


SG7+fl 
56755 
57011 
57074 
67192 


60490.9 
604S6.6 
60769.* 
00826.6 
60952.4. 


Peru. 

India. 

Trance. 

England. 

Lapland. 



J five quantities may be combined, two and two, in 
ten different ways, ten resnlls may be deduced from 
the comparison of lliese degrees; and if the meridian 
were truly elliptical, and il' there were no error in 
the observations, all these results would coincide. 
As the lalter supposition cannot be expected to hold, 
we must look for some difference in the results, 
and must choose only those combinations, in which 
the degrees are considerably distant Trom one ano- 
ther, because in that way the errors of observation 
will least affect the conclusions. Such are the 1st 
and 3d, 1st and 4th, Est and 5th; 3d and 3d, Sd 
and 4th, 2d and 5th ; 3d and 5th. 



V«L, II. 



r. The 
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'. The 3d degree, or that which is bisected by- the pa- 
rallel of 45°, is to be reckoned the must accurate of 
all, as being deduced fVom the actual mcasuremeiit 
of an arch of inori; than 12 degrees. This arch 
belongs to the meridian of Paris, which has been 
continued by the French mathematicians north 
to Dunkirk, lat. 51° 2' fK N., and south 
Forraentera, the southernmost of the Balearic isles, 
in lat. 39" 38' 5(J", the distance being 705188.77 
toises, (Base Alelriijiie, torn. iii. p. 298.) The 
arch of the same meridian from Dunkirk, till it a 
intersected by the parallel of Greenwich Observa- 
tory, lat. 51°2S'39 s, was also measured by Ge-, 
neral Rov, and found to be S5238.5, or, more 
exactly, by De Lambbe, on applying certain cor- 
rections, 251^41. 9 toises- TJius the amplitude 
of the arch between the parallels of Greenwich and 
Formentcra, is 12= 48' 43",5, and the distance 
730430.67. This arch, however, is not exactly bi- 
sected by the parallel of 45", Greenwich being 
C°28'39".5 distant from that parallel, and Formen* 
tera only G^ 20'3".99. To have the length ( 
an arch beginning at Formentera, and terminating 
just us far to the nortli, as Formentera is to the 
south of 45°, we must subtract from the distance 
of Greenwich the number of toises corresponding 
to S' 35". 51, wliich, as may be inferred fi-om tli^ 
measurement itself, is 81C5.SS toises ; and thus wt 
have 728264.79 for the length of an arch extend^ 
ing 0" 20' 3".99 on each side of the parallel ( 
45". 

. No* 
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I Now, it was observed (§' 58. d.) that the <legree in 
lat. 45" is an arithmetical meau between any two de- 
grees equally distant frdm it on the north and suuth; 
and therefore il' on arch of any number of df f;rees, 
for example 6, be mpasured on the south of 45°, 
and an arch of as many degrees on the north, the 
two together will be 13 times the degree in the pa- 
rallel of 43°. If, therefore, the above extent, 
722«64.79, be divided by IS.fiCSS, the amplitude 
of the arch, the quotient SiUilt is the degree of 
the meridian bisected by the parallel of 45'. 

P^he degree at the Equator is deduced from an arch of 
3* 7' measured In Peru by the French and Spa- 
nish academicians. It is stated by Horo' kr at 
,, 56733'; by Conrami-ne, at 56749; and we prefer 
the latter number, as there is reason to think, from 
comparing that degree with others, that it U too 
gfeat. Figure tie la Terre, jiar M. Bo-gjeh, 
Sect. V. p. 272. 



I 



g-. The degree lat. U , Js a ni 
aiired by Major Lambtos i 
learches, vol. sii. p. 94. 



lan of G degrees, mea. 
Tndosten. Jsialic Se- 



The degree in lat. 52° 2' 20' is from an arch of the 
meridian measured by Colonel Muboe in the south 
of England. The mean is given here from a pa- 
per, Phit. Trans, for ISJg, p. 332. 

The degree at the Polar Circle, or in lal. 6S' SO' 10% 

is Iron! an arch of the meridian lately liicasured by 
SwiNBEBQ and other 9rfcdisb academicians. Ex- 
D 9^ poiili'oH 
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position dis Operations Jitiles tn Lappanie, 4'<. paf-' 
SwANBBRG. Stockholm, 1805. 

k. Of all these degrees, it may be aaid, that an error 
of 30 toises In the length, or 2" in the amplitude oT 
the arch, is more than can be reasonably supposed.' 
If the hypothesis of an elliptic meridian agree witk 
them nearer than this quantity, it must be consi-< 
dered as having the support of observation. But- 
if it is found tbat these arches cannot be reconciled 
with the elliptic hypothesis, without supposing 
greater errors than those just mentioned, that hy- 
pothesis must be either rejected, or regarded air 
doubtful. 

60. The five degrees in the last article, agree 
in giving very nearly the same compression to the 
earth at the poles, and may all be represented by 
the same equation, to an exactness much within 

the limits that have been assigned (5 59. k.) 

a. By combining the degrees in the seven ways n 

tioned, it will be found, that - is between .0031S»' 

snd .00335. 

i. The mean between these, or .0032, is that which, otf 
the whole, seems the nearest to the truth. It make** 
tjie sum of all the errors in the five degrees amounli 
only to 21 toises, taking them with the same sign.- 
Taking them with their proper signs, they neaiijT 
destn^ 
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. destroy one another. The compre8S]o^ may therefore 
ie stated at .0038 = stqT ; and the equation 

^hich does most nearly represent the degrees of 
the meridian, will from' thence come out 

D = 57011* — 872t.66 gos2 a . 
In fathoms, 

D = 60769.472 — 290.576 cos 2 a . 
In miles, D = 09.044 — .3299 cos 2 a. 

c\ Hence, fey the formulas, (§ 69. h.) 

Toises. Fathomau Miles; 

c = 10469.58 = 11158.8 = 12.680 
^ = ^271743.00 = 3486868.8 = 3962.349 
h = 3361273.42 = 3475700. = 3949.669 

Radius of curvature for the parallel of 
450 « a —1 = 3266608^.21 =3481279^.4 =3966.009 

miles. The mil^s meant here are English miles, 

A, The circumference of the Elliptic Meridian may be 
found nearly by multiplying the mean degree, or . 
that in the parallel of 45°. b^ 360. The result is 
;S4856.84 miles. 

• ■ 

D 3 The 
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•the clrcuiWffefende: &f the Eqwaim- is 1S4896.I6 mUes^ 
a liUle more than 40 miles greater than the prece- 

The tcircMdfdrraoe ;of tjie Meridian »agr be .found 

more /accoiwtely by 'the thdoram :lbr ibe rcMifica- 

tion of the ellipsis. See La Cailliu, Lefotu Ele-* 

mentcdres de Math. § 954. Also J3«ue Marique, 

torn. II. p. 676. 

'\' 
The Frendh/fSroiti their late measurement, compared 

with that in Peni) make the compression .00324, 

and the quadrant of the meridian 5131111 toises ; 

which gives for the entire circumference 5468161,54 

fathoms, or 24856.72 miles ; about 1 mile greater 

than the result cA[)tfiiiied above, 

e. Th^ .Geographical .MUq, or that of which there are 
60 in the length of the mem degree, is 1012.6 fi|« 
tUtiiiis; td:f6075.6 feet 



^ ^J. The 3Qmldiaxneter belonging to any lati-r 
tude X, is nearly equal to a (1 — w sin* a), where 

' c 

n denotes ^ or the compression, '^s before, (8 58. 

a. This is found, by expressing thef semidiliineter of 
the elliptic meridian, in terms of the latitude, in a 

manner 



ASTR.ON0MY. 



5.5 



latt^ similar to tbat employed g 57, £6,, tlien 
Pextracting tbe square root, and rejecting the 
rpowcrs of tilt compression greater tiian the first, 

S Cxanohi Trigonometric, § I^S. 

b.Tlie tangent of the angle ACE (fig. 3.), wlrich the 
n^umeter aDswciing to the latitude a, makes with 
\|Jlie greater as-is of the meriilian, or with tke plane 



^f the equator. 



X. ton y.. Cagsolf, § ] 



The angle atthetentre being thns found, the angle 
Itivliich the semrdiatncter CE makes with the verti- 
%XsA EG is also found, being the difference between 
[ Ihe former angle and the latitude of the place, 
hrrbe angle which the diameter makes with the ver- 
■ tical is greatest at 45", where it amounts to II ' 9" 
f vhen the compression is .00324. Ba»e Melrique, 
•'torn. III. p. 2!12. If the compression is greater, 
rihis angle also becomes greater. 

f The figure of the eortli may not only be determi- 
|!/ne<l by comparing two degrees of the meridian 
'^ with one another, but it miiy also be found Iiy com- 
L poring a degree of the nierldian, with the degree of 
I a great circle perpendicular to the meridian, in the 
e latitude. 



B. If we suppose the earth to be cut at any 
' point by a plnnc perpendicular to the meridian in 
D 4 that 
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that point, the centre of curvature of this section, 
at the point where it cuts the meridian, is the 
point in which the direction of gravity, or of the 
plumb-line, intersects the axis of the earth.. 

a. The direction of gravity, if the earth be a solid of 
revolution, fMsses always through the axis of the 
earth. If, therefore, we conceive the plumb-line 
to be carried over an indefinitely small arch of the 
perpendicular to the meridian, either to the east or 
west, its direction will intersect the axis at the 
^ same point, where it intersected it before, which 
point, therefore^ .is the centre of curvature of the 
arch, or the same with !K .(6gt 3.) £K is greater 
than £H,^nd;^e.dietgree.of,the perpendicular arch 
is greater than. the. degree of. the meridian in the. 
same ratio, 

J. The radius of curvature of tfae-'arph perpendicular 
to the meridiap, is. tl|ere£pre ih^, normal of the me- 

ridian, relatively to its shorter axis, or it is 

■ - ■ . • ■ ' 

. yEdim Trans, vol. v. 
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63. If D be the degree of the meridian, at a 
point of which the latitude is A, and A the degree 
of the curve perpendicular to the meridian at the 
same poiiit, 



'"'Xs'rRoSosfV. ' 






ST 



I = m A — g- (A — D) tan' x ; 

- = -r-- nearly. 

! 2 A COS a' ' 

ms the figure of the eartb is determined by the de- 
'^gree of the meridian in any latitude, compared with 
the degree perpendicular to it. 

The degree of the section perpendicular to the meri- 
dian, is to the degree of the circle parallel to the 
equator, that is, to the length of the degree of 
longitude, as 1 Lu cos a, 

The degree of longitude is tlierefore A cos a , Edin, 
Trans, vol. v. p. 26. 

The manner in which the amplitude of the celestial 
arch is measured in the case of a perpendicular to 
. the meridinii, is not so direct as that which is fol- 
Plowed in the case of an arch of the meridian itself. 
i It is best done by determining the convergewy of 
f'tke meridimui. If P be the pole, (fig. 5.), AP an 
f arch of the meridian, AD an arch at right angles 
[to it, or nearly so : Let the latitude of A, and also 
I' the angle PAD be found, and again at D the angle 
' PDA; then in the spherical triangle PAD, the 
* angles at A and D are given, and also the side AP, 
from which the arch AD may lie computed in de- 
t grees and minutes i and its length also having been 
measured, 
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measured, llie length of a degree becomes knows 
It is not necessarjr that AD siioiild be accurate!] 
at right angles to either of the meridians AP, DP ! 
If it is nearly so, its length can easily Ik reduci 
to that of the perpendicular. 

This method of finding the amplitude of an arch pem 
pendicular to the meridian, is only applicable 
iiigh latitudes, where the convergencv of the meri. 

'/ (Ijans Li cfHisiderable. >'ear the equator, ^vhere tbtt 
, uieridiuii^ become almost pnraJlel, asmall ^rroriil 
determining the azimuths will produce a very great 
one in the amplitude of the arch, so that this me 
timd cannot be safely employed. The manner of 

'' finding the amplitude of the perpendicular arch ac- 
curately in sndi cases, depends on the methods 
of finding the difierenee of longitude, which a 
be explained in the next section. 

It appears from the preceding investigations, that the 
earth is an oblale ipheroid, generated by the revo- 
lution of an ellipsis about its shorter axis, that 
axis being to the longer axis as .9908 to 1. AH 
the arches, however, that have been measured, i 
not agree equally in bringing out this result. Id 
general, though the conclusions from arches, whicb 
are large, and at a considerable distance, are cdqj 
sistent with one another, the contrary holds where 
arches very near to one another, and more especi- 
ally contiguous portions of the same arch, are cora^ 
pared together- It has been shewn, that, according 
to the elliptic hypothesis, the differences of thi 
cutjtiguout 
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l-t^oudguous degrees ouglit to be proportional to the 
sines of twice the middle latitude, (§ 39. c), and 
therefore ouglit to Ibllow a very regular progression. 
"this, Iiowever, has not been found to take place in 
any instance of aetnnl measurement. In the great 
arch measured in France, in those of the Peninsula 
of India, and in tlie south of England, the contigu- 
ous degrees have differed very irregularly, and by 
such considerable quantities, as conld not be ex- 
plained by any probable error of observation. Local 
irregularities in the figure of the earth, manifesting 
tLemselvea by the deflection of the plumb-line, seem 
to give rise to these anomalies. The defleetioni 
are but small, and disappear altogether when arches 
of great extent, and differing by large quantities, 
are compared ivith one another. 

This subject will be more fully considered under the 
. head of Physical Astronomy, 



GEOGRAPHICAI. PROBLEMS, 



L HE situation of a point in a given superfi- 
l^ifl determined, when its distances are known 
from 
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from twttplanes,! which are given in position with 
respect to that superficies. 

a, Tiiat the determinations thus afTonled may be the 
). simplest possible, the two planes ought to be i 
ajif" right angles to one another; and if the superficii 
.!,-• is one having a centie, the planes should pa 
l<: i> through that centre. 

J b. In the case of the earth, the plane of the Equatoi 
having its position fixed by the diurnal motion, 
naturally pointed out as one of the lixod planes, 
which the positions of places in the earth''s surface 
are to be referred. 

I* The position of every place, relatively to the equa>, 

tor, is determined by 6nding its latitude as abovff 

, defined. 

c. The other circle to which the position of places oi 
the earth's surface is to be referred, must necessai 
rtly be a Meridian (a) ; hut as none of the 
dians is distinguished from another, by any circun 
stance in the diurnal motion, of which they a 
partake alike, the particular meridian that is to l 
fixed on for the determination of geographical pi 
sitions, is a matter of arbitrary arrangement. 

4- When a meridian is chosen for a first meridian, or 
that to which qII positions are to be referred, it it, 
not by directly measuring the distance from H thi 
such a reference is made, but by measuring 
^gle which the plane of the meridian 

through 
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through any given place, makes with the plane of 
the first meridian. This angle is called the lon- 
gitude of the place, and the diurnal motion fur- 
nislies us witli the means of determining it. It 
is measured by the nrch of the equator, inter- 
cepted between the first meridian and tlie me- 
ridian of the place, and is reckoned east or west, 
sccording as the place is eaat or west of the first 
meridian. 

'he ancients took for their first meridian, or that 
from which tlieir longitude was counted, the meri- 
dian of the Fortunate Isles, a line passing, as they 
conceived, tlirougli the western extremity of the ha- 
bitable earth. Many of the moderns haie employed 
the same meridian, or rather that of tlic Island of 
Ferro, one of the most westerly of the Canaries. In 
general, however, nations employ the meridian of 
their own metropolis, or of their principal observa- 
tory ; as we do that of Greenwich, the French that 
of Paris, &c. It has been proposed to take the 
meridian of Mont Blanc as the first meridian, being . 
that of a point very remarkable in the natural hlsto^ J 
ry of the globe. It would be inconvenient to take, 
first meridian any point where astronomical 
observations are not constantly made. 



|. .„,.,. 

^^IWians, is different, and the difference is propor- 
tional to the difference of longitude, or the angle 
'" which 
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Tvhich the planes of these meridians make witl 
one another. 

The hour at any platrc, as we have already seen, i* 
determined by llie passage of a certain star, or 
certain point in the licavens, over Che meridian ( 
that place. But the star comes to any meridia 
sooner than to another farther to the west, by • 
space of time which is to 24 Iiours as the angle 
made by the two meridians to 360 degrees. 
every 16°, therefore, contained in the angle whid 
the meridians make, or in the difference of longi- 
tude, one hour is to be reckoned, by m hieh the ac 
count of lime at: the more westerly place is later^ 
or the clock slower than at the other. For oi 
other angles, the proportion is the same ; for on 
degree, four minutes of time; for one minute of i 
degree, four seconds of time, &c. 

66. If, therefore, we could find under one me- 
ridian the time which they reckon at the same in- 
stant under another, we should have the diffeieiicB 
of longitude, by convening the ditlerence of time 
into degrees at the rate just mentir.ned. 

a. An obvious way, therefore, of discovering the dif- 
ference of longitude of any two places, is to have 
watch, or portable chronometer, well regulated, a 
cording to the time at one of the places, and thf 
to carry it to the other; where, on being compan 

with 
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with llie time, as reckoned there, it will give the 
dtfierence of longitude. 

4. Suppose at the first place, by repeated observations, 
the star Slrius was found to pass ihe meridian at 
lOii 24m aSai^c b_v the watch, and at the other at 
gh jgm g2sec by tlic same watch ; the difference, 

R2i> S<^ 13«^, converted into degrees, gives 38° 3^ 
15" for the differeiice of longitude, by which the 
first of the two places is east of tlie second. 
. In like manner, any phenomenon, the be- 
fiiiiiiing or end of which is seen at the same in- 
stant by observers under different meridians, af- 
fords the means of determining the diflerence of 
longitude. 

For, by this means, the difference of the reckoning 
at the two places is astertained just aa by the chro- 
nometeF. 



my of the phenomena of the heavens, as v/ill be J 
afterwards explained, serre ns signals of this T 
kind. 

Such signals may alW be given on the eartli, by the 
sudden kindling or extinguishing of lights on some 
elevated' station, from which they may be seen at 
considerable distances. 

The observation of the eoni^Dgency of th? meridians, 
is also another way of determining tlie longitude, 
as already observed. To it, and the two now men- 
tioned^ 



^^H for. 
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t'loned, all the methods of finding the loogitude may 
be reduced, 

68. If the latitudes of any two places are given, 
and also their dilTerence of longitude, their dis-' 
tance may be found by spherical trigonometry. 

a. If the earth is considered as a sphere, then, in the 
spherical triangle contained by the arches joining 
the two places with one another, and with the pole, 
two sides are given, viz. the distances from the pole, 
or the complements of latitude, and the angle at the 
pole, or the difference of longitude ; and there- 
fore the 3d side may be found by the 2d case of 
oblique-angled spherical triangles. This side is the 
distance of the places expressed in degrees, Sic 
and may be turned into miles, by multiplying hy 
69.044, the mean length of a degree, (§ 60. i.) 

If the angles at the base or the azimuths are also re^ 
quired, it will be best to resolve the triangle b;^ 
Napier's Formula. See Eltm, of Gcornet. £din, 
1810, p. 378. See also Woodmouse's Trfgonm 
tiy, p. 126, 

b. But if the spheroidal figure is to be taken into 
count, the calculation becomes more complex. Foi 
as, on this supposition, the directions of tiie pli 
mets AD, BF, (fig 6.) at the two places, if their 
latitudes are different, do not meet the axis in th< 
same point, these three lines do not contain a solit 

angl^ 
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togle* arid therefore the rules of trigonometry can- 
not be directly applied to them. If, however, C 
be the centre of the spheroid, and if AC and BC 
be joined, the angles PC A, PCB, are deduced from 
the latitudes, § 61. i. Then, in the solid angle at 
C, are given the two plane angles PC A, PCB, and 
the inclination of their planes, viz. the difference 
of longitude, or the angle at P ; therefore the angle 
ACB may be found by the same case of spherical 
triangles as before. Hence the straight line 
AB is also found, the radii CA, CB being given, 
§61. 

t. In this way also, are found the angles at the base 
of the triangle PAB, or those which the plane 
ACB makes with the planes ACP, BCP. Thesci 
however^ are not the true azimuths, which are the 
angles that the plane ADB makes with ADP^ and 
that ABE makes with PEB; 

To find these last ; if CB be drawn, then in the tri- 
angle BCD, BC, CD, and the angle BCD are gi- 
ven, whence DB is found. Then in the triangle 
ADB, all the three sides are given ; wherefore the 
angle ADB may be found. Next, in the triangle 
BED, the sides BE, ED, DB are given ; therefore 
the angle EDB, and its supplement PDB are 
found. Therefore the three plane angles ADP^ 
ADB, PDB, which contain the solid angle at D, 
are given ; whence the iiidination of the planes 
tnay be found, and therefore the angle which the 
plane PAD makes with the plane ADB, that is^ 

Vol. II. E th«J 
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the angle PAB, such as it would be measured at 
A. In the same way the azimuth at B ihay be 
found. 

d. When these calculations are applied in small tri- 
angles, they naturally become much more simple. 
The process now described, contains a general so* 
lution of spheroidal triangles, which have one angle 
at the pole, whatever be the oblateness of the sphe- 
roid, and whatever be the magnitude of the tri- 
angles. 

69* The Artificial Globe is a delineation of the 
surface of the earth, and the circles belonging to 
it, on the surface of a sphere, moveable about an 
axis ; it serves to give a correct notion of the fi- 
gure and proportion of the parts into which the 
earth's surface is either naturally or artificially 
divided, as well as to resolye many of the pro- 
blems of geography, when great accuracy is not 
required. , 

A contrivance of the same kind is applied to the hea- 
vens. The uses of the celestial and terrestrial globes 
are fully explained in most of the treatises on 
Astronomy and Geography. 

70. A Map is a representation of the whole, or 
of a part of the earth's surface on a plane j and 

though 
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though less cofrect, by being less expensive, and 
more portable than the preceding, it is of much 
more general use. 

is impossible to delineate on a plane any figure 
tlist can acctirately resemble one which is extend- 
ed in three dimensions. A certain degree of re- 
semblance may, however, be obtained, and, in the 
construction o( maps, Uiis has been sought for in 
two ways ; by the projection of the spherical sur- 
face on a plane, such as it would be seen to the eye 
Situated in a particular point; or by the <feue/o/>e- 
mmt, that is, the spreading out of a spherical on a 
plane surface. 



i 



71, The Stereographic Prrjcclion, is a represen- 
Ution of the surface of a sphere on the plane of a 
great circle, such as it would appear to an eye si- 
tuated, in the pole of that circle, or in a point 90" 
distant from every part of its circumference. 

a. It is usual to suppose the eye placed in the equa- 
tor, 90° distant from the equinoctial points, so that 
the plane of projection is the equinoctial colure. 
If the eye is placed in either of the equinoctial ' 
points, the plane of projection is a circle at right 

I angles to the former, called (for a reason that tvilt 
afterwards appear) the Solstitial Colure. 

the hemisphere concave to the eye, or on the side of 

f the plane opposite to the eye, is first delineated. 

E2 The 
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The eje is then supposed placed in the CfpipMU! 
pole> and the other hemisphere is in like manner 
represented. It is in this way that the Maps of the 
World are usuallj constructed. 

b. The stereographic projection has these two veiy 
i^markable properties, 

1. All the circles of the sphere, both g^r^iat and 
small, are represented by circles in this pro- 
, jection. 

3. Any two circles cut one another in the projec- 
tion, at the same angle in which they cut one 
another on the surface of the sphere. Ac- 
cordingly, the parallels of latitude in this pro- 
jection cut the meridians at right angles. 

These properties contribute much to the simplicity 
and beauty of the construction, w&ich, however, 
has this disadvantage, that the same iLrea on the 
earth^s sutface, is represented by a much larger 
area near the equator, and especially towards thef 
edges of the projection, than at a greater distance. 
Notwithstanding of thb, the stereographic projec- 
tion is well adapted to Maps of the Worlds or of 
large portions of the globe. 



72. The construction called FlamsTeed's Pro- 
jection, (though it is rather a Developement thaa 
a Projection), is very well contrived for the repre- 

sentatioit 
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•entation of smaller portions of the par^h's sur- 
face, 

a. In this construction, a straight line is drawn for 
the meridian of the middle of the map, on which 
^re marked oifT equal distances, to denote degrees 
pf latitude. From a point in tliis line, as a centre, 
and with a radius that is to the length of the de- 
gree of latitude as the cotangent of the middle lati- 
tude to an arch of 1 degree, an arch of a circle is 
described, to represent the middle parallel of lati- 
tude. From the same centre are described other 
arches, through the different points marked off on 
the meridian of the middle of the map, which re- 
present the different parallels of latitude. On any 
jone of these parallels, equal distances are set off on 
each side of the middle point, which are to the as- 
sumed degree of latitude, as the cosine of the lati- 
tude of that parallel to the radius. The degrees 
of longitude are thus marked on each parallel, and 
the curves which pass through the corresponding 
points in the different parallels are meridians. 
These are curved more and more on retiring 
-from the middle of the map ; but unless the extent 
is very great, they afford a very good repr^senta*? 
ti6n of the convex surface. 

f). This construction has a yery remarkable property, 
Yiz. that the quadrilaterals in the map, included be- 
tween the meridians and parallels of latitude, have 
^e same ratio to one another nearly, with the qua- 
^I'ilaterals which they represent on the surface of 

E 3 the 
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the globe. See Mimoire sur la Projection de$ 
Cartes Geographtquesj par Ml Henry, 4to, Ffiris, 
1810, chap. SnaCj p. 55., &c. 

73. The construction which is called Merca- 
tor's Projection, is chiefly used for nautical 
charts. In if the meridians are parallel lines ; the 
degrees of longitude are all equal ; the parallels of 
latitude are also parallel lines ; and the degrees of 
latitude increase on the chart in the same ratio that 
the degrees of longitude diminish in the sphere, 
or in the spheroid. 

a. The consequence of making the degrees of latitude 
increase in this chart, in the manner described, is, 
that the degrees of latitude and longitude bear to 
one another the s^me ratip that they actually do on. 
the surface of the earth ; and as the meridians are 
all parallel, the rhumb-lines, or the Knes of azi- 
muth, are straight lines. Hence the great use of 
this construction in navigation. , 

b. This very ingenious contrivance is alluded to, 
though obscurely, by PxoLEMr. It was first used 
among the moderns by Mercator, whose name it 
bears ; but the principle of it was first explained by 
Ed. Wright in 1699, who shewed that the parts 
into which the meridian is divided, must be in- 
rersely as the cosines, or directly as the secants SP 
the latitude ; and he taught how it might be con- 
structed 



ASTRONOMY. 71 

structed by the addition of the secants of a series 
of arches taken in arithmetical progression. 

It was afterwards observed, that the meridian line 
thus divided, was analogous to a scale of loga- 
rithmic tangents of the half-complements of the 
latitudes ; this was at first onlj known as a fact, 
but was afterwards demonstrated by James Gre- 
gory, in his Exercttationes Geometricay 1668. Dr 
Halle Y proved the same in a more concise man- 
ner, Phil. Trans. N** 219., and greatly improved 
the construction of the cha^rt. 

For other methods of constructing maps and charts, 
see Varenius, Sect. iv. chap. 32. EncyclopiiU 
ifethodiqtUf art. Cartes. Lorgna, Prtncipii di 
Geografioy 4to, Verona, 1789; Traiti dt Topo* 
graphic^ &c. par L. FuissAtrT, Liv. ii. La Grange, 
Mim, de Berlin^ 1779. 



E 4 Sect. 
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Sect. V, 



QF PARA LI. AXES, 



JLAATING obtained an accurate notion of the figure 
of the earth, we are enabled to measure the lines 
either on its surface or in its interior, which must 
serve as the bases from which, by the rules of tri- 
gonometiy, we are to deduce the distances of ob- 
jects observed in the heavens. Though the fixed 
stars are too far off, to have theiif distapces thusi 
ascertained, there may be others,' of which the dis- 
tances admit of being compared with the diameter 
of the earth. All distances that are not ascertained 
by the direct application of a measuring line, are 
determined on the same general principle; that 
iS| from the change in their angular position, which 
is made by a known change in the position of the 
observer. This leads us to consider whf^t is called 
the Parallax of an Object 

74. The parallax of any object in the heavens, 
^s tl^e diiTerence of its angular position, 9s it would 
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tut seen from the centre of the earth, and as it is 
§^n from a point on the surface. 

The parallax of an object, is therefore the same 
with the angle which the distance between the 
centre and a given point on the surface subtends 
at the object. 

Though an object to have no parallax, ought, strict- 
ly speaking, to be at an infinite distance, yet it will 
have no sensible parallax, if its distance is very 
great compared with the diameter of the earth. An 
iingle of one-fourth of a second may be considered 
as Unsensible ; so that if the radius of the earth 
subtend an angle, at the distance of any object, less 
than one-fourth of a second, that object will be seen, 

. from ^ poipts of the ear]bh''s surface, in the same 

position. 

< • • 

Now, an arch of V is .000004848 qf the radiu3 ; and 
the fourth of a second is therefore 

^nd therefore, if a body is distant from the earth 
by 835083 of its semidiameters, it can have no sen- 
sible parallaj^,. 

Though the centre, of the earth is a point from, which 
no observations can be made, yet as it is equally 
related to all the points on the surfaqe, the posi- 
tions of the heavenly bodies may be most conveni- 
. ' ently 
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entlj referred to it. When a star is seen is the 
zenith of any place, it is seen in the same position 
as if it were viewed from the centre. 



75. The ;parallax of a body at a given distance 
from the centre of the earth, is greatest when the 
body is seen in the horizon. This is called the 
Horizontal Parallax ; and the parallax at any gi- 
ven altitude, or the quantity by which the true 
altitude is diminished, is to the horizontal paral- 
.•}ax as the cosine of the altitude to the radius. 

If P be the horizontal parallax, p the parallax at the 
altitude a, p =z P x cos a. ' 

Jf r be the radius of the earth, supposing it spherical, 

■ 

and i the distance of the body, ^ =: sin P. 

When P is very small, P = ^> P being expressed, 
not in degrees, but in parts of the radius ; to have it 
in degrees, - must be multiplied by m, the num- 
ber of degrees in an arch equal to the radius. 

Jf the horizontal parallax is known, the distance d 



is known; for d =-my 

sm Jr 



Tb* 
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The distances of bodies having different horizontsl 
parallaxe.", are therefore inversely as the sines of 
those parallaxes, or, when the parallaxes are small, 
iuversely as the parallaxes themselves. , 

[ 76- If two observers, under the same meridian, 
But at a great distance from one another, observe 
the zenith distances of the same star, when it' 
passes the meridian on the same day, thev can 

pm thence determine the horizontal parallax. 

If the amplitude of the arch of the meridian hiter- 
cepted between the zeniths of the observers, be 
called a, and if f and p' be the ;f enith distances ob- 
served, making one of them negative in respect of 
the other, if the star be between the two zeniths, 



then P=: 



a. If A and B {fig. T.^) be the places of the observers, 
Z, Z' their zeniths, and C the centre of the earth ; 
S the star, of whieh the parallax is to be found ; 
ifSA, SB, SC be drawn, 

ang, Z AS = ang. ACS + ang. ASC ; 
ang. Z BS ~ ang. BCS + ang. BSC ; 
subtracting the lower equation from that above it, 
ang. 2 AS — ang. Z' BS = ang. ACB + ang. ASB ; 
r'Or ang.Z AS — ang Z' BS — ang. ACB=ang. ASB; 
or ? — ip' — a = ang, ASB. 

If 
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If P be the horizontal paraDjo, 

ang. ASC = P x sin ZASj and 
ang. BSC = P x sin Z'BS; whence 
ang. ASB = P (sin Z AS — sin Z'BS) 
= P (sin f — sin ^'). But ang. ASB z 
f — ^' — a; -therefore P=r 

-nn 5 — /. Hence, also. 

nn ^ — sin f ' * * 



2 cos ^-i?- X cos i-— £ 



pt must be supposed negative, if the star is between 
the zeniths. 

h. If the star does not change its declination, this 
formula wiU give the horizontal parallax, though 
the observer be not on the same meridian, because 
the meridian altitude of such a star, is the same at 
all places in the same latitude. 

c. If there is a change of declination, and if the ob- 
servers are not under the same meridian, then, hj 
repeated observations of the zenith distance at any 
of the places, the star'^s change of declination for a 
given interval of time, maj be found ; and so, from 
the observed altitude at that place, the altitude at 
any other place, under the same parallel, may be 
found, if the difference of longitude is ^ known. 
Hence the altitude is known at the p]ace where tha 
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ineridian of the second obserrer intersects the pa- 
Irallel of the first, and thus the paraDax is compu* 
. ted as above. 

I'his method of finding the parallax, was appli^ to 
that of the' moon, bj La Caille, who observed at 
the Cape of Good Hope, and La Lande, who ob^ 
served at Berlin^ in 1751 . La Lande, Astronomic^ 
tom. II. § 1650. 

77. Two observers being supposed, as in the 
last article, the parallax of a star may be found, 
by comparing it with a fixed star, (which has no 
parallax), atthe timeof its passage over the meri- 
dian. 

For if S be the objeet of which the parallax is to be 
found, as before ; T a fixed star, that passes the 
meridian at the same time, or nearly at the same 
time with S ; the angles TAS, TBS, may be both 
measured, and they are together equal to the angle 
ASB ; because AT and BT are parallel. 

^he angle ASB being thus found, the rest of the cal- 
culation IS as above. 

La Caili.e and Wargbnten, the former at the Cape, 
the latter at Stockholm, employed this method for 
finding the parallax of Mars. La Lands, tom. ii. 
§ 1662 ; ViNCB, voL i. §158. 

78. If 
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78. If tbe«e computations are to be made with 
accuracy, the cpberoidal figure must be taken into 
account, as affecting the cbser\'ations in ttro diffe- 
rent ways, Til, by making the semidiamcters of 
the earth unequal, under different parallels, and 
by making the zenith different from the point ia 
which the semidiameter of the earth, if produced, 
would meet the heavens. 

If the radius of the equator be called a, as in tbe lu( 
section, and if r and r' be radii of the earth, conw 
puted for A and B, and if tlie borizootal parallax^ 
at tbe equator = n, at A tbe borizootal porallaif 

will be nx-, and at B, nx- ; and therefor^ 

aupposing tbe zemtli distances 9 and ^ to be found 
aa before, but to be corrected tor tbe angles be- 
tweea tbe vertical and tbe semidiameter at eac] 

fltation- then n = — >^ — ~ — r-i-, . 
T sm If — r SIR if 



79 The parallax affects the position "of a,body, 
only by depressing it in the dirsction of a vertical 1 
plane, and therefore does not change its place in 
azimuth, or in the direction of any plane parallel 
to the horizon ; but it changes the place in respect 
to circles, which cut the vertical obliquely, such 
as the circles of declination and of right ascension. 
Tbe» 



ASTKQNOMY. 



These clianges are called the parallaxes in right 
ascension and dcclinarion. 

fl. In fig. 8. if VZO be the meridian, P the pole, Z the 
zenith, S the true place oi' the star, depressed by its 
parallax to S', in the direction of the vertical circle 
ZSS'; let PS be a circle of declination passing 
through the true place of the star, and PS' another 
such circle, passing through the apparent place. 
If SM be drawn perpendiclar to PS', MS' is the pa- 
rallax in declination, and the angle SPM, the pa- 
rallax in right ascension. The triangle SS'M maj 
be considered as rectilineal ; and if we make the 
angle at S, or what is called the angle of potitiotL, 
~y, the parallax in altitude, or SS', being — n, 
we have MH' = p x cos tf = parallax in declina. 
tion i alao SM — ^ x sin^ ; and hence the angle 

: the parallax in right ascen- 



i. Hence il may be shewn, that when the horizontal 
parallax is given, the parallax in right ascension is 
proportional to the hour angie, or ZPS. 

As the parallax in right ascension is nothing, when 
any body is on the meridian, and increases on 
either side, by comparing the difference be- 
Iweeo the time when the body, and a star near 
to it, come to the meridian, with the difference 
between the times when they come to the same 
hour circle, near the horizon, tbe parallax in right 
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ascension maj be found ; and thence the hoA^soii^ 
tal parallax may be concluded. Vincb^s A9trmu^ 
my^ vol. I. § 160., &c. See also La Caillb, jistra^ 
nomie, § 651., &c. ; and La Lands, Liv. ix. torn. 3i 
§ 1628.^ &c. From the difTerefice between the al- 
titudes of the body and of the stal*, as they appear 
on the meridian, and as they appear near th^ hori- 
zon, the parallax in altitude may be still more di-i 
rectly concluded. 
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MOTION OF THE SITBC; 



80. The great orb which is the source of light 
and heat, and in whose presence all other lumina* 
ries disappear, partakes, with the stars, in the diur- 
nal motion ; but the time between his passing the 
meridian one day^ and his passing it the next, is 
greater than a syderial day, and, at a medium, ex- 
ceeds it by S minutes 56 seconds and a half 
nearly. 

The sun, therefore, appearar to go eastward among 
the fixed stars every day, by an arch correspond- 
ing to 3m 56^>, or by 59^ 8.3. Thb b the mean 
rate ; the real motion of the sun is sometimes fas- 
ter, and sometiffles slower, than this quantity. 

The 
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L *Xhe meaa interral of time between the sun's p&jising^ 
the meridian une day, and his passing it the next, 
is called a mean solar day. 

The solar exceeds the siderial day by 3" 66* 33t of 

' siderial time ; or by 3™ SO* 25' of solar time ; and 

|^^_ the lengths are In the ratio of 1.00S7399 to 1. 

^^^^H]. Tbe sun does not move eastward in the 
^^^B^e of the equator, but in tile plane of a circle 
^^^Hlting it obliquely in the two opposite points, al- 
^^ttady referred to, of the Vernal and Autumnal 

Equinoxes, and making, with it, an angle of »3" 

Vf 30" nearlv. 






\4t. That the sun^s motion is all in one plane, may be 
shewn by observing his right ascension and decli- 
nation, every day at noon, and marking it off upon 
a globe, on which a great eircle, representing the 
equator, has already been described ; or, which ia 
better, by remarking, tliat the sine of the right as- 
cension has always the same ratio to the tangent 
of the declioalion. This could not be, unless the 
plane passing through the sim and the vernal equi- 
nox, made a constant angle with the equator, such 
that the radius had to its tangent a ratio the 
^me with the preceding. 

The circle which the sun thus appears to describe in 
the heavens, is called the Ecliptic, and the angle 
which it makes with tl>e equator, is called the Olili- 

\ob. II. F qitOi; 
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^ty of the Ecliptic. A Vear u the time whicli the 
eun takes to describe this circle. 



82. During the apparent diurna! revolution of 
the heavens, the plane of the ecliptic does not re- 
main fixed in its place, lilce the equator, so as to, 
be always vertical to the same point on the earth's 
surface. The places, however, over which it 
passes, and through the zeniths of which the sun 
must pass in his annual course, are all contained 
within a zone, extending about 23° 28' on each 
side of the equator. 

a. This tract, which is called the Torrid Zone, i* 
bounded by two parallels to the equator, called the 
Norlhem and Soitlhern Tropics ; the latitude of 
each of which is equal to the sun's greatest declina- 
tion, or to the obliquity of the ecliptic. From 
them the sun appears to return back, and hence 
Uieirname. 

88. Each polfi of the ecliptic is distant from the 
corresponding pole of the equator, by an arch 
equal to the obliquity of the ecliptic ; and in the 
diurnal revolution, they describe the circles called 
the Polar Circles. 

These circles are also called the Arctic and Amtarctir 
Circles, and the spaces within them are the Frigid 
Zones. -, 



I 

I 
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fTfce Ttrnprratt Zonrg, are those contained between 
the Torrid and Frigid Zones. 



64- If a straight Hne be drawn from the centre 
of the sua to the centre of the earth, a great circle 
on the earth's surface, perpendicular to this line, 
will separate the enlightened hemisphere from the 
dark one ; all the places within certain limits, 
will, by the revolution of the earth on its axis, be 
made to cross this circle (wice in the course of a 
solar day ; at the one of which points, the sun will 
appear to rise, and at the other, to set ; the circle, 
also, which separates the light from the darkness, 
will ha\ic a vibration corresponding to the sun's 
annual motion, by ivhrch it will incline alternate- 
ly toward the north and toward the south. 

The circle sepftratliig Day iVoin NJglit, or tlie light 

»- from the dark hemisphere trf the eartli, is called the 
. Circle nf Illutniiiation. 

«. When the sun is in the equator, the circle of lllu- 
OUDation passes through both the poles, and every 
parallel of latitude is one-half in the tight and one- 
half in the dark ; so that day and night are equal. 
This is the season of the Equinox, and the sun's 
meridian distance from t!ie zenith of every place is 
then equal to the latitude. 



F2 



b. A$ 
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i. As the sun pasws to the nortb, ti>e circle of IDs* 

minatioD incline a\so to the imrih ; tbe mn ap- 
proaches nearer to the zeniths of all the places m 
the nortlieni hemisphere, anil relires by tbe same 
(juaotity from the zeniths of all the places io the 
southern. The days lengthen in the former hemi. 
s])bere, and shorten in the latter. 

c. In the Northern Frigid Zone, over a space equal 
to the sun's declination, the sun does not set ; and 
over an equal space in the Southern, he docs not 
rise. 

'/, When the &uo arrives at the Northern Tropic, lie 
has approached as neat as he can to the zenith of 
every place between the Northern Tropic and the 
Pole, and has receded the farthest from the zenith 
«f ever}' place in the southern hemisphere. The 
days are the longest in all the former of these ; the 
shortest in the latter. Within the whole of the 
arctic circle, the sun does not set on the solstitial 
day ; and within the whole of the antarctic, he does 
not rise. It is the Summer Solstice in the one he- 
misphere i Uie Winter Solstice in the other, 

f. The same vicissitudes take place in a contrary di- 
rection, as the sun passes to the Southern Tro- 
pic. 

/. The four points, the two Equinoxes and the two 
Solstices, divide the year into the four Seasons. 
The positions of the circle of illumination at these 
four times are represented, figs. 9, 10, II. 

g. The 



g. The length of the day for any latitude, and any 
declination of the sun, may be calculated, like the 
continuance of a star above the horizon, § 27. 

A. The deteimi nation of the length of the year, re- 
quires the time of the sun's crossing the equator to 
be accurately defined- 



I S5. Tha time of the sun's crossing the equator, 
a found by observing his declination at mid-day, 
for several days before and after the equinox ; so 
thiit im equation can be found, expressing the re- 
lation between the time and the declination suffi- 
ciently exact for a few days. If, in this equation, 
the declination be supposed equal to nothing, the 
value of the time corresponding wil! give the mo- 
ment of the equinox. 

The manner of finding an equation between the time 
and any quantity determined by obsen'ations, made 
at given intervals of time, is called the Method of 
Interpolalion, It is much used in astronomy, and 
will be afterwards explained. See Newton's Prin- 
cipia, lib. iii. lemma 5. La. Lande, Jstronomie, 
torn. III. §4113. La Caillb. Legqna El^mcnlaires 
d'Astronomie, § 135, Sjp. 

Nearly in the same way, the moment Is found, when 

the sun's declination is greatest either on the north 

or the south side of the equator. The only diife- 

rence is, that when the equation is obtained be- 

¥ 3 (ween 
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* tween the time and the declbiation» the latter, must 
be supposed a maximum, or its. fluxion must be 
made equal io nothing, . Thence the time of the 
solstice, and also the declination itself, when a ma- 
ximum, may both be found. 



86. The length of the year is determined, by com- 
paring together the time of the sun's being in either 
equinox, or in either tropic, for one year, (found 
us above), with the time of his being in the same 
point for another year, distant from the former by 
a considerable number of years. The interval 
reckoned in days, and parts of a day, divided by 
the number of years, gives the true length of the 
year. 

a. It was soon found, that the year was nearly equal 
to 365 days. But when two equinoxes, at the dis- 
tance of 60 jrears were observed, the interval was 
found to be nearly 21900 days ; this, divided by 
60, gives 965^ ; which is nearly, the length of the 
year. 

• 

b» This, however, is too great ; and more accurate 
observation has found it to be 365d.243264, or 
365d 5h 48' 61".6. Biox, Mtron. vol. ii. § 40. 
2d edit. 

87. If 
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87* IC at any place, the sun^s greatest altitude 
in summer, and bis least altitude in winter, be de- 
terminedv half the sum of these altitudes i^ the 
complement of the latitude, and half their differ^ 
ence is the obliquity of the ecliptic. 

The observations from which these coticlitsions are 
deduced, must be corrected for refhiction, accord- 
ing to the rules in Sect. ii. They ought also to be 
corrected for the sun^s parallax, which, however, 
cannot be exactly found by any of the methods yet 
explained. 

88. The Ecliptic is divided into twelve equal 
parts, which are called Signs** it also passes 
through twelve constellations, which are called 
the Twelve Signs ; and the zone of the starry hea- 
vens, in which they are contained, is n,amed the 
Zodiac. 

The names of the twelve Signs, and the characters by 
which they are usually denoted, are. 



Aries, 


r 


Libra, 


-ru 


Taurus, 


V 


Scorpio, 


n 


Gemini, 


n 


Sagittarius, 


t 


Cancer, 


52 


Capricornus, 


vAp 


ieo, . 


a 


Aquarius, 


sa 


Virgo, 


MV 


Pisces, 


X 



F4 



The 




The manner of referring any point to the ecliptic, of 
which the position la known with respect to the 
equator, or of (indiu^ its longiliiile and latitude 
from its right ascension and declination, bos been 
already explained, § 30, 

If the point is in the ecliptic; if, for example, it is 
the sun itself of which the longitude is required, 
from knowing the fight ascension or declination ; 
we have 



tan. long. © = 



Un. Ai G 
cos Obi. Ec. ' 



or sin long. © : 



sin Obi. Ec, 

the Right Ascension. 



§ 90. The character JR denote^ 



89. The point in which the equator and eclip- 
tic intersect, is not immoveable, but appears, in 
respect of the fixed stars, to recede to%vards the 
■west, at the rate of 5iyi airily per amium, or about 
1° in 72 years. 

This motion is called the Prtcesaton of the Equinoxet ; 
and by means of it, the equinoctial points describe 
an entire circle in 25S67 years, which is the annua 
magniis of the ancients. In consequence of this^ 
the longitude of the stars continually increases, at 
the rate of a degree in 72 years nearly. When the 
2odiac was first delineated by the ancient astrono- 
mers, the middle of the constp^alion Aries was at 
|he vernal equinos, from which it is noT^ distant 
more 
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more than 58° towards the cast. Hipfarcudb 
discovered the precession of the equinoxea, by a 
comparison of his own with more ancient observa- 
tions. 

90. On account of the precession of the equi- 
noxes, the tropical year, or the time in which the 
sun moves from the vernal equinox to the vernal I 
equinox again, is less than the time in which he ■ 
moves from one star to the same star again ; the 
vernal equinox having gone westward so as to 
meet the sun. 

The time in which the sun goes from one fixed star 
to the same fixed star again, is called a Siderial 
Year, and is longer than the tropical year, by the 
time that the sun takes to move over 50";i of hii 
orbit. This amounts to .014119 of a day, er 
Hff 19".9 ; 90 that the siderial year is SeS"! 6^ 9<* 
1'.5. 

pl. The Obliquity of the Ecliptic is also subject 
to change, and appears to have been constantly di- 
minishing from the remotest date of astronomical 
observation : its present rate of diminution is near- 
ly 50" in a century. 

A Chinese observation of the sun's altitude at the 
»obtices, as ancient as the year 1100 before Christ, 
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has been preserved ; and from it La Place deduced 
the obliquity at that time, = 23^ bV 2." CmnaU^ 
sance dca Trm9^ 181 1, p. 432. 

A series of obserTations, from the age of Pttheas^ 
down to the present time, confirms the same gene-^ 
ral result. I«a Place, ibid. La Lands, AMrtm. 
§ 8738. ; ViKCE, Aftrmt. i. § 15L 

The mean obliquity for 1750, was determined vefT 
exactly by La Caille and Bradlbt, to be 23^ 2S 
19^. 

The obliquity, beside this progressive diminution, is 
subject to slight periodic irregularities, which are 
not here considered. The diminution itself, 
though apparently progressive, will be found after- 
wards to be really periodical, and a part of a slow 
vibration, by which the obliquity of the ecliptic 
alternately increases and diminishes within very 
narrow limits. 



Apparent 
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Jppareut Orbit of the Sun. 



1. If the sun's motion in the ecliptic be deter- 
mined by observation from day to day, (§ 81. a,"), 
Jt will be found, that it is not uoiform, but is 
swiftest about the beginning of January, and 
slowest about the beginning of July ; being conti- 
nually retarded from January to July, and accele- 
rated fruni July to January. 

93- If the apparent diameter of the sun be also 
observed every day by a micrometer, or any in- 
strument that measures small angles with great 
exactness, it is found to vary, so as to be greatest 
when the angular motion is greatest, and least, 
when it is least. The angular velocity, and the 
diameter of the sun, do not, however, vary in the 
same ratio ; but the angular velocities, at any two 
points of time, are as the squares of the apparent 
diameters. 



^Thus, if V and u' are the angular velocities of the sun, 
cr his diurnal advances in the ecliptic, at any two 







^H .ii»« <lri Trm, IKII, p. 4^ 
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96. On 

1 
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\\^- sim*s diameter, measured 

, with his place observed in the 

..;>i!, that if the sun's mean appa- 

X- ///, his least diameter wj— w, and 

distance at any time from the point 

: w here his diameter is least, his ap« 

i^icT ut that time is w—- » cos z. 



?/ 



n - 32^ OG' 2', and m — n = 3P 32^ 8'', so that 
/£=:3r.4, and tn : n :: 19262 : 324, or as 5945 
to 1. 

37- Because the distance of the sun and earth 
must be inversely as the apparent diameter of the 
sun, therefore, if the distance be called^, ^ = 

, where B is a constant quantity, to be 

m — n cos ;s ^ '^ 

determined by observation. Hence it can be shewn, 
that the orbit of *the sun is an ellipsis^ having the 
earth in its focus« 

From the equatiqn v=: • it is evident. 

^ *^ fR'^— ncosjB: ^ 

that jf is greatest, when 2r = 05 and least wheit 
jrsl80°. Iftherefore,FAbetaken(fig.]2.)eqnalto 

5 and FP = , they will represent the 

in — n ;» + n '' *^ 

greatest 



d« 
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greaUat and least distances of the inn from tiisl 
^( earth, and B z: AF (m — n). Let the curve AGP 
., be the orbit of the sun; the earth being supposetljl 
at F, the place of the sun at any time being G, and. 
the angle AFG being — z ; draw GH perpendicula 
to AP ; then m^ — n_y coa 2 = B = FA (m — n)fl 
Now, y ■=. FG, and _y cos z = FH ; therefor 
)H.FG=n.FH + {m— n)FA. Produce FP 
K, so that « . FK = (m — n) FA ; then m . FG = 
« . FH + n . FK = n . HK. Draw KL perpendi- ' 
** cular to AK, and GL parallel to AK ; then 
m.FG-n.GL, or m:;H::GL:GF. The 
line GF, then drawn to the given point F, has a 
given ratio (of a less to a greater) to GL, the per- 
**' pendicular drawn to a line ^ven in position d 
*■<'< therefore G is in an ellipsis, of which F is the f(M 

cus, KL the directrix, and — the ratio of the semi*] 

transverse axis to ihe eccentricity. 

For the property of the ellipsis, here referred toJ 
see Hamiltos's Conic Sfclians, Book 11. Prop. 11^ 
SiMsON, Section. Coh. lib. v. prop. 33. 



98. The position of the transverse axis, or of 
what 13 called in astiononiy, the Line oj the Ap- \ 
sides is found, by taking tht: middle point betweenj 
two positions utthe sun, in which his diurnal nio- 
tion is the s^imc. 
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le place oC the apsides tlius found, may be correct- 
ed, oo the priaciple, that the ii\is i» tbe only line 
di'awn tbrougli the focus of an ellipse, wliich bisects 
its area. The time, therefore, from the aun's being 
in one apsis, to his being ISO" farther advanced, is 
precisely half a year. When, therefore, two points 
are fuund in the sun's orbit, 180° or 6 signs distant 
from one another, and such, th&t the sun takes 
precisely baif a year to pass from the one to tlie 
other ; they are the Higher and the Lower Apsis. 
La Caili.c, M£m, de CAca<l. det Sciaii:i:s, 174-2, 
Also bis Anlranonue, p. 78. AVoodbouse, Aslron. 
p.glO. 

Thus the longitude of the aphelion, fur the year 1780, 
as determined by De Lambhe:, from Dr Maske- 
..yke's observations, to be 99° 8' 19".9, or 9" 8^ 
'IS".9 advanced into the sign Cancer. The sun 
passed through this point 4<in past noon on the 3Ist 
of June, according to the time at Greenwich. Biot, 
Mtron. vol. i. p. 230. 



1 eccentiicity of the sun*s 
erms of the mean distance. 



jrbit is found. 



j 97.) = 



ist. . A method of finding it more accurptely, 

11 be immediately explained. It has been deter- 

Med to be .016814, the mean distance betn^ 1. In 

Ae following propositions, the mean distance ■= a, 

nd the eccentricity = r. 



96 



OOTITNES OF NATURAL PHILOSOPHr. 



99 The 



1 and the 



;s of the s 



: position 

bit, being thus determined, the calculation of his 
place for any given time, is reduced to the geo- 
metric problem, of drawing a line through the fo- 
cus of an ellipsis, so as to cut off a sector between 
it and the transverse axis, having a given ratio to 
the whole elliptic area, 

If AGPH {fig. 13.) be the orbit of the sun ; F the fo- 
CU3 in which the earth is placed ; and G the place of" 
the sun at a given time ; then the time of the 3ud''9 
describing the arch PG, or of the radius vector de- 
scribing the sector PFG, ia given ; and the time of 
an entire revolution, or of the radius vector de- 
scribing the whole elliptic area, being also given, 
the ratio of the sector PFG, to the whole ellipsis 
AGPH, is given. If, from this, the paeition of 
the straight line FG can be determined, it is eviV 
dent, that the angle PFG, and the position' of 
are found. 



i 



1 



This is known by the name of Kepler's Problem 
can only be resolved by approximation. 

a. The angle PFG, which measures the angalar dis- 
tance of the sun from the Perigee, or lower apsis 
is called the titie anomaly. 

b. If a circle be defscribed from the centre F, tvith i 
radius = y a (a- — e')i , its radius will be equal t 
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Ihat of the ellipsis j and if a sector a FG' be taken 
in the circle, equal to AFG in the ellipsis, the 
angle AFG' is called the tnean antmaly. 

This angle is proportional to the time, and in- 
creases at the rate of 39' S'.S daily, 

V. The angle GFG', or ttie difference between the 
mean and the true anomaly, is called the Equation 
of the Sun-i Centre. 

4. If the true sun G, and the imaginary sun G', set 
Dut ti^ether from A and a, the sectors AFG and 
a FG', ifttreasiiig at the same rate, the angles 
AFG, and a FG', most increase unequally, and the 
point G' must get before G, or the mean anomaly 
must exceed the tnie. But when FG becomes less 
than FG', the angle AFG will come to increase 
faster than a FG'. At ihe Perigee they will 
Coincide : and at a certain point, between A and P, 
their difference, or the equation of the centre, will 
he the greatest possible. This will happen, when 
the increments of the true and of the mean anoma- 
ly are equal to one another, or when the sun's real 
angular velocity is equal to his mean, or to 59' 
8'.3. 

Among the great number of solutions which have 
been given of tliis celebrated problem, one dis- 
tinguished for the simplicity of the result, pro- 
ceeds on the supposition, that the angles at 
ihe superior focus are proportional to the time, 
or are the same with ihe mean anomaly ,- which is 

Vol. II. G not 
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not far from the truth, in elHptical orbits of small 
occentricity. This solution was first proposed bj 
BuLLi ALDUS, a French astronomer, and was after- 
wards adopted and improved by Dr Seth Ward, 
and is known in this country by th^ name of 
Ward'*s Hypothesis. Another solution is dbtinguish- 
ed, for the simplicity of the principles, and the ele- 
mentary nature of the reasoning employed, vii. that 
given by the late Dr Mathew Stewart, in the Edin- 
burgh Physical and Literary Essays ^ VOl. ii. (1765) 
p. 105.; and again republished in his Physttal and 
Mathematical Tracts, p. 404. Among the other so- 
lutions, those of Newtow, Prin. Math, lib, i. 
prop. 30. Schol. .; of Simpson, Essays, 4to, (1740) 
p^47.; of EuLCR, Comment. Petrop. tom. vii. ; and of 
Ivory, Edinburgh Transactions, vol. v«^ (the latter 
extending to the most difficult case of the pro- 
blem, when the eccentricity is great), are particu- 
larly commendable. 

Of all these, however, it may be said, that though 
excellent when a numerical calculation only is re- 
quired, yet when the solution is to be a step in the 
investigation of other properties of the elliptic mo- 
tion, they cease to be of use, so that recourse must 
be had to such general theorems, as express the 
true anomaly in terms of the eccentricity, and of 
the mean anomaly. The first solution of this k|nd 
was given by Clairault, Theorie de la Lune, 
f 31. lemma 3d, &c. It was afterwards fanproved 
and extended by other mathematicians, particular- 
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Astronomic^ torn. u|i § 346L( .aii4 Caovou, 7Vt« 

gonometrtCf § 1488. The series was continued by 

' If^xXjAkTy ds fer di ttie 9ih {MAvt^l* €1" Ite (itcehtri- 



I . ■ « j 



100. R is prdvea in fnat solution of Kei? ler's 
Probleril, thfti If i ' be the semitransverse, and e 
the eccentricity of an elliptic orbit, .r the mean 
anomaly, reckoned from the Ferfgee, . and y the 
equation of the centre ; • 

1097 ,_ ^ 12^ , . ;, 

This taas oY J?, «i|f>liecr to the meaii anomaly accord- 
ing to its sign, will give the true anomaly. 

a. I/Wieh ihe M{iiati6n of the centre is found from this 
formula, the constant coefiicients must be reduced 
into degrees and minutes, by multiplying each of 

G 2 them 



loo OUTLIK'ES OF NATURAL PHILOSOPHY. 

them by ST^.SdSTS', be. tlie number of degrees in 
an arch equal to the radius. 

b. Because, in the case of the sun, e is small, (viz^ 
2= .016814), its powers above the third may be r^* 
jected ; and so the equation reduced is, 

y = (!<' &5' 26rj3B) sin « + (1' 12 '.68) sin 2 « . 

+ (l"^6)sin3». 

101. The Radius Vectqr r, dr the line drawn 
from the sun to the earth, maj also be expressed 
in ternas of the mean anomaly, supposing the mean 
distance ^1. 

r=:l + |e*-(€~gei +^e^)cosx 

+ ( — |c^+Jc* — jgC')cos2ap^ 

45 



-(!'- 



jjg.Oc<»S. 



1 2 

+ (— =«♦ +ge*)cos4ar 

27 

+ ( — gQC^)C0S6«. 



the 
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The series is here, snd in the preceding case, adapted 
to the computation of x from llie perigee. 
When X is computed from the apogee, the signs 
of the terms involring the odd multiples oft, must 
be changed. A small part of this series will give 
the radius vector in the case of the sun, with sufli- 
cient accurac}" ; we may suppose 

r=l + r-e^ — e cos x — -= e' cos 2 * , 



102. Though the eccentricity is suppposed to 
found, from § 97., it must be corrected by 
I -means of the greatest equation of the centre, 
Ijdctermined by observation; this equation being 
I called g-, if 

U ., _387 ,, 

res 983040" ~"*''^- 



^ = A ; then e 



As A is very small in the sun's orbit, being ^ .033639, 
e = 5 A nearly ; that is, e — .01 6S14. 

Syst. du Monde, p. 116,; Biot, Aatron. Pkys. 
torn. II. p. 32B. 2de edit. 

(I. The greatest equation itself is found by observing 
the sun's place in the ecliptic, day after day, and 
comparing it with hia mean place, calculated as 
in § 99. b. 

G 3 103. Astronomical 
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JQ9. Astronomical tables, eenstructed from the 
data, and on the principles now explained, serve 
to determine the sun's place in the ecliptic, for 
any instant of tiu^e, either past or future. 

a. from thie time of the sun's passing through the pe? 
rigee, when his true and mean place coineide, his 
mean place for anj other time may be computed, 
by allowing for the interval an increase of longi- 
tude, at the rate of 59' 8''.3 /^cr diem, and thus the 
mean anomaly is computed. From the mean ano- 
maly, is found the equation of the centre, con- 
tained in a table, which gives the quantity of that 
equation for every degree of mean anomaly ; thence 
is given the true anomaly, and of cour9e the tnntf 
longitude. The tables are so constructed,' i^s to give 
the mean place of the sun for the beginning of every 
year ; hence the niean place fior f^ny time qf ^y year 
is easily found. When equations are thus ranged in 
tables, th^ quantity by which they are foufi^out^ 
in the table, and on which their magnitude depends, 
are called the Arguments of the Eqmtwnfi^ 

The tabljes of the sun'*s motion, are in reality i^'ptbing 
else than the expansion of the general jSonnula 
contained in § 100. 

.1. Thins, firqm the fiwjt pf thp wwiatioo of tfc^ Mi's ap- 
fiveQt di^xputtep, cpfnp9red yfii\ tbe ^frngfy^n of 
his angular velocity, we have dem.Qni^9a;|ed» that, 

whether 
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'..' .'H^hftbef U if th^ earth or the sun which really 
VSfHi^t. the q^fi d|e$<;ril)es an ellipisis round the 
^UwTi ptop^ In the focvis ; ond that the line drawn 
from the moveable to the immoveable body, (the 
radius vector), deseribea circles round the latter 
proportional to the time. From these two g^ieral 
laws, we have been able to determine the propor- 
tional distances of the sun and earth, and their re« 
lative positions, at all seasons of the year. 

c. The use of facts, in scientific investigation, could not 

be better illustrated than by this example. The 

simple fact, that the sun on a particular day had a 

certain apparent diameter, and a certain rat^ of 

angular motion, is nothing in itself, and cannot, ta- 

,. ^.. kj^n alp^ie, l^^4 ^Q ^^7 cpnclusiou : But a multitgde 

; of .suqh factj^i^cqi;\ip9red togethev, by the assistance 

• ^ gePPftetry* le^t.ijs io the knowledge of the general 

l^w to whi^h they are all subject ; this law leads, 

conversely, tQ a more precise and comprehensive 

t^powledge of fqetSj^ embracing at once the past, 

the presient ^i^d th^ future, and reducing them all 

into one theore^i. 

§ 

We art l^ft;, however, i^ the dark as to one question, 
whether it is tbe sun or the earth which describes 
the -elliptic orbit. The appe^r^oce of rest in the 

- . f^irth) Afd of Jnettipi^ in the gun^ is no argyment 
against tb^ &cj; hK^in|; entirely the reverse, as has 
already been made evident in the case of tbe earth^s 

G 4 rotation, 
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rotation. The decisive facts have not yet occur- 
ieif which are to determine, whether a motion ot 
translation does not also belong to the earth* 

In order that the theory of the elliptical motion majr 
have its conclusions extended either to the futaife or 
the past, a very accurate measure and reckoning of. 
time are necessary, and we are now in posaetsioii 
of the data by which these may with certainty he. 
determined. 



Of the Equation of time, and of the KalendaPf, 



The arrival of the Sun in the meridian, bekig a mon^ 
conspicuous phenomenon than that of a Star, hat 
been, taken to mark the beginning and end of the 
day, used for the purposes of civil life. Solar time, 
consists of days measured in this manner, and is 
used by astronomers, as w^U as by the people at 
large. Astronomers begin the day at noon, and 
reckon 24* hours round to noon again : in the com- 
mon reckoning, the day begins at midnight, and is 
divided into 24 hours, which are counted by 18 and 
12. La Place has proposed, that in this the astro* 
nomers should follow the people, as, by beginning 
the day at midnight, the whole of the sun^s stay 
above the horij^on falls in the same day ^ 

104. The 
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104. The ditference between the solar and side- 
rial day, lias already been shewn to consist of 3"" 
56* ^3' of siderjal, or S™ 55' 4&' of solar time ; but 
the sojar day thus defined, is only tlie average. 
Of the mean ; for, the time actually employed 
by the sun to return from the meridian to the 
meridian again, is different at ditTerent seasons of 
the year, § 92. 

105. If the sun moved regularly forward in the 
equator, at the rate of 59' 8".3, every day, the so- 
lar days would be all equal, and their lengths as 
above determined; but as tiie sun neither moves 
in the equator, nor moves in the ecliptic, at a 
uniform rate, there are two causes that affect the 
length of the solar day. 

The time, therefore, which is reckoned by the arrival 

at the meridian of an imagiHari/ sun, or one which 

osed to move in the equator, is called mean 

lar time. When it is reckoned hy the arrival of 

le real sun on the meridian, it is called apparent 

ime. 

106. The difference between the right ascension 
of the sun, and his mean longitude, converted 
info me»n solar time, is the difference between the 

mean 
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mean and the apparent time, and is called tbe 
Equation of Time. 

a. The conversion of degrees and minutes, intQ 
mean solar time, is performed hj a diflereiA^ 
rule fVom th^ 'conversion into siderial time. For 
an hour of mean solar time^ there must be Feokon- 
)ed 16^ V 27^.847 of the equator ; and so G8^ in the 
same proportion. 

h. There are four times in the year, when the mean lon- 
gitude of the sun, and his true right ascension, fire 
equal to one another ; and, at these times, the ap- 
parent and the mean time coincide. These timies 
happen, at present, about the ISth of April, the 
J 5th of June, the 1st of September, and the 24tb 
of December. * From the first of the above periods 
to the second, the apparent time is before the 
mean, and the equation of time is subtractive, or 
must be taken from the apparent time, to give the 
mean. It is greatest at the 15th of May, when it 
amounts to 3^ 58"' to be subtracted. From ihe se- 
cond to the thlfd interval, tbe equation 19 additive, 
the mean tim6 beln^ before the apparent ; and it be- 
comes k ma^dmum about the 35th of July, when it 
amounts to 6' &\ It becomes negative between 
the third and fourth interval, and reaches its ma- 
;ximum on th^ 3d or 3d of November* when it 
amounts to 16' 15" subtractive. Dr Hallct has 
given a geometrical construction, fbr determining 
the time when the apparent days are longest or 
shortest, and also when they are equal to the 

mean. 
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KSQ. See Keil's Mlroiiomy, Sect. 25. p. 322., 
&c. 
^'hen the equation of time is a maximtim, the length 
of the meaa and apparent day is the same. When 
the equation of time is nothing, the lengths of the 
apparent and the mean day differ most from one 
another. On the ICth of June, for example, whep 
tte equation of time vanishes, the day is IS'.S 

ihorter than the mean solar day. The difference 
liecomes less and 1ms till the 26th or 97th of Jvdy, 
■when the equation of time is stationary or a maxi- 
mum, being then 6™ 5' nearly; and the apparent 
Jay is then in length equal to the mean. The dif- 
ference of the days increases from thence ; and on 

the beginning of September, the apparent day is 

Ifis longer than the mean, &c. 

'*■ C2 locks ought to be regulated by tlie mean solar time; 
^^^^^and when they are adjusted by the sun's passing 
^^^^Tthe meridian, the equation of time must be ap' 

*■■ -■-' ie mean length of the day is thus accurately determi^ 
ned. But in the reckoning of time for the purposes 
of astronomy, and of civil life, we must not count 
hy days only, but by that assemblage of days which 
COMBtitutes a year, and whicli is naturally pointed 
out as a division of time by the return of the seasons. 
The sort of incommensurability that exists between 
the lengths of tlie day and of the sun's revohition, 
LfMiders it somewhat difficult to adjust the reckon- 
ing 
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ing of both^ when it is to be done in whok nmn- 
bers. 



107. If the revolution of the sun consisted oi 
an entire number of days, for instance S6S, the 
year would naturally be made to do the same, and 
there would be no difficulty in the formation oJ 
the Kalendar, or in adjusting the reckoning ii 
years and in days to one another. 

All the years would then be precisely of the sam 
number of days, and would all begin and end witl 
the sun in the same point of the ecliptic. If th 
time of the sun'^s revolution includes a fraction of < 
day, the case is different ; a year, and a reyolutioi 
of the sun, cannot then be precisely of the sam 
duration. 



/■ 



108. As it would be inconvenient to begin th( 
year at any point of time, but the beginning of s 
day, a year must consist of an entire number o 
days. If, therefore, the revolution of the sun in 
elude a fraction of a day, for example one-fourth 
then one year cannot be made equal to one icvolu 
tion of the sun ; but four years may be made equa 
^o four revolutions of the sun. 

Suppoi 
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, for example, that SSBii + ^ = R, a re- 



4x365 + l=4R = 3x3G5 +366; so that if we 
count three years, each of 365 days, and a fourth 
of 366, we shall have exactly four revolutions ef 
the sun ! and at the beginning of the fifth year, the 
sun will be in the same point of the ecliptic which 
lie was in at the beginning of the first. This is tha 
airaDgement of what is called the Julian Ealeiidar;. 

j I and if the revolution of the sun were exactly 365* 

^^^L, , 6'', it would be altogether perfect. It is called the 
^^^^ Jidian Kalendar, and the Year thus computed, the 
^^^^k Julian Year, from Julius Casar, by whom, with 
^^^^ft the advice of the astronomer Sosigenes, itVas iu- 
^^^^P traduced at Rome. 

: 

L - ■" 

K 

^^^BtDd. As the true length of the sun's revolution 
■ h not what has now been supposed, but instead of i 
i65^.'J5, is only 365^242264., the Julian year is 
longer than the revolution of the sun by ] 
Oa.007736, (nearly 11°); and, therefore, before a ' 
Pew year begins, the sun has passed the point i 
^^ the. 



'he addition of a day, or a number of days, to any 
fixed period, at stated intervals, is called Intercala- 
tion. The year on which the intercalation fell waa 
called Bissextilis, because the 6th of the Kalends of 
March was twice counted. With us, it is called 
Ltap year. 
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the ecliptic where the last year began, by a small 
fraction, viz. .007736x59' 8". 

The Julian reckoning, therefore, falls continually 
behind the sun, and the course of the seasons, 
by a quantity H*hicli, however, is so small, that it 
was long before it was observed. 

u. At the time of the Council of Nice, in the year 325 ofj 
the Christian era, the Julian kalendar was intro- 
duced into the Chnrch ; and at thut tittle the vernal 
equinox fell on the 2Ist of March. * On aeeount of 
the imperfection in the mode of reckoning just no- 
ticed, the reckoning fell constantly behind the true 
time; so that in the year lfi83, the Julian year 
__ had fallen nearly 10 days, {9.724I5) behind the 
. ^uin; and the equinox, instead of faUJng on the 
21st, fell on the 11th of March; so that the difFer- 
enee was nearly a day in 132 years. The conti- 
nuance oF this erroneous reckoning, would have 
jnade the seasons change their places altogether ; 
and it was therefore resolved to reform the kalen- 
dar, which was done by Pope Greooky XIII., and 
the first step was to correct the loss of the ten 
days, by counting the day after the 4th of Octol 
15S3, not the 5th, but the ISth of the month, 



i 
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110. As the loss in the Julian kalendar artiounl- 

ed to one day in 132 yeafs, It would aitiount to 

three in 396 years, or in the space nearly of four 

centuries, tt would be necessary, thercfon;, Slip- 

posing; 
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po&ing the Julian intercalation to continue,, to 
suppress three intercalary days in the course of 
four centuries ; and it was agreed, thiit this should 
be done on the three successive secular years, re- 
taining the intercalary day on the fourth, by 
which means the sun, at the beginning of the fifth 
century, would occupy the same point in the eclip- 
tic, within a few minutes, that he did at the be- 
ginning of the first. 

a. The amount of the accuracy thus attained may be 
more exactly eBtimated. The annual error amounts 
^ to .007736, which, in one century, is .7736 of a. 
^^ day, and in four centuries, 3>1.0944. Of this er- 
'* ror, the fractional part 0^.09A4, or nearly 2^ 15xn, 

is all that remains uncorrscttrd by the CrRGcoaiAN 
refbltnation, and in this time the sun describes an 
arch of S'4 ill the ecliptic. The sun, at the begin- 
ning of the fifth century, will therefore be only o'.5 
advanced beyond the point lie fras in at the begin- 
ing of the first. 

'. The reformation of the kalendar did not take place 
in England till the year 1758. The secular years on 
which the intercalary days are omittted, are 1700, 
1800, and 1900. 

, Though tliii degree of accuracy is sufficient for the 
purposes of history, and even of astronomy, and 
may easily be carried furtiier, by similar means 
adopted in future ages, yet the problem of interca- 
lating, so that the difftrence between the computa- 
lioug 
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tions in the kalendar, and Uife real motionB of tile 
sun, should always be the least possible^ k net 
thereby completely resolved. The modes c^ inter- 
^ calation best suited to that object, require all the 
integer numbers to be fpund which most nearly ex-* 
press the ratio of the fraction .342364 to 1. See 
EuLER, Elemena d'Algebre, toni. lU ; Additions by 
L4 Grangx^ § 30. 



Secular Variations in the apparent Motion of ike 

Sun. 



The variations in the sun^s motion which have now 
. been described, are confined within short periods, 
during which they alternately increase and dimi-* 
nish. There are others, which go on from one age 
to another, and are either continually progressive, 
or circumscribed by periods of very long duration. 
These are so slow, that they are oftly perceived by 
comparing together observations made at a great 
distance of time. They are called Secular inequa- 
lities. 



111. By compariDg very distant observations, it 
is found that the line of the apsides^ or the longer 
axis of the sun's orbit, has a progressive motion, 
or a motion eastward} so that the ^psis recedes 

from 
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ftom the vernal equinox 62", or by De Lambre's 
tables- 6r. 9 annually. 

a. This motion includes the precession of the equi- 
noctial points, which is in the opposite direction, 
and amounts to 50'^25 ; so that the real motion of' 
the apsides eastward, in respect of the fixed stars^ 
is 11".65 a*jrear, or 19' 4". J^ in a century. 

h. Hence there is a difference between the l*ropical 
Year, oi* the time of the sun's resolution from equi- 
nox to equinox, and what is caUed the Anomalis'* 
tie Yeir, or the time of the sun's revolution front 
either apsis to the same apsis again. As the apsis 
has gone in the same direction with the sun over 
62'" in a year^ the sun must come to the place 
where the apsis was at the beginning of the year; 
and must move over 62^' more before the anoma-^ 
listic year is completed. The time required to thii^ 
is .01748 of a day, which, added to the tropical 
year, gives 366^ .269744, or 366^ 6»» 14^ 2» fdr the 
Anomalistic. BtOT. Astron. torn. ii. § 91. ^ 

t. The line of the apsides thus continually moving 
round, must at one period have coincided liidth the 
line of the equinoxes. The lower apsis or perigee 
in 1760, was 278° .6211 from the vernal equinox, 
according t6 Li Caille ; and the higher apsis was 
therefore at the distance of 98''. 621 1. The time re- 
quired to move over this arch, at the rate of 62*^ 
annually, is about 6722 years, which goes back 
tiearly 4000 before our era, — a period remarkable 

YoL. II. H foi' 



114 OUTLINES CfF KATURAL PHILOSOPHY, 

for beilig that to which chronologists refer the 
creation of the world. At that period, the length 
of time during which the sun was in the northern 
signs, that is, on the north sidiel of the equa- 
tor, was precisely the same with that on which 
he was on the south, each being exactljr half a 
year. At present, the apogee, where the s(in"*s mo- 
tion is slowest, beiilg in the ninth degree of Can- 
cer, more time by 7*^ 16^ 30™ 8« is consutned in 
the northern than the southern signs ; so great is 
the change which the motion of the apsides has 
produced. About 464 years ago$ the apogee was 
in the beginning of Cancer. 

d. When we would calculate the place of the sun for 
iiny fiihe^ X^P^^^^^y '^^ ^^U distaht). We must 
b^gin with determining the pbsitibti' of th^ line of 
the apsides ; as it is from the lower apra that the 

- mead and true anomaly are both computed. 

e. The motion of the sun^s apsides being 19" 4' in a 
century, with respect to the fixed stars, it requires 
a period of more than 108000 years to complete 
their sidbrial revolution. Their trdipitat revohi* 
tion is 20003 yearsi 

* 

112. By a comparison of distant observations^ 
the equation of the centre, ^nd of consequence the 
eccentricity of the sun's orbit, arc discovered to be 
continually diminishing. 

The 
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I'Tlie rate of iliminution in the maximum of the equa- 
■tion, is about 18".79 in a century. 

If the rate of thb diminution wer^ to continue uni- 
form, (which, however, we have not a right lo sup- 
pose), the earth's orbit would become a circle in 
about 3J300 years. 



Il3. From the changes in the piace of the ap- 
sides, in the equation of the centre of the sun's 
orbit, and in the obliquity of the ecliptic, the 

iguation of time undergoes a change from one age 

1^ another. 

I. The equation of lime is equal to the mean longi- 
tude, minux the true right ascension of the sun. The 
former of these is not affected by the place of the 
apogee or perigee, and depends only on the dis- 
tance of time from the equinox- The latter, the 
true right ascension, is dependent on all (he three 
elements just mentioned. The true kiigiturte of 
the sun, from which tlie right ascension is deduced, 
depends on the place of the perigee, and on the 
equation to the centre, both of which vary ; and it 
involves also the reduction from the ecliptic to the 
equator, which depends on the angle these circles 
make with one another. The equation of time, 
therefore, answering to the SHme day uf the year, 
varies in different ages ; but tor any age, past or 
future, may be computed on the principles already- 
explained. 



112 
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i. The secular variation of the equation of time, is 
different for every different state of that equation : 
it is greatest about the time when the sun is in titer 
perigee ; and it is then I5".6. 



The Sun's Rotation on his A.vis. 



II4. The face of the sun, when viewed with a 
telescope, though of a bright and intense light, 
far above that of any other object, is often 
marked with dark Spots, which, when examined 
from day to day, are found to traverse the whole 
surface from east to west, in the space nearly of 
fourteen days. 

a. These spots, though only visible with the telescope, 
are sometimes so large, as to subtend an angle 
nearly of one minute. Their number, position, 
and magnitude, are extremely variable. Each of 
them is usually surrounded with a Pcnuvibra, be- 
yond which is a border of light, more brilliant than 
the rest of the sun's disk. When a spot is first dis- 
covered on the eastern limb, it appears like a fine 
line; its breadth augments, as it approaches the 
middle of the disk, from whicli it diminishes as it 
goes over to the vtestern limb, where, at last, it en- 
tirely disappears. The same spot.atter fourteen days, 
is sometimes discovered again on the east side. It 



is not often, however, that this happens, as the 
spots dissolve and perish, from causes that are to us 
quite unknowD. 

&. The spots of tlie sun were first discovered by Ga- 
lileo at Florence in 1611. iHoria e Demomtra- 
zionc inloriw alle Maechie Sotari. Opere di Gali- 
leo, torn. II. p. 85., &c. Edit, di Padova, 1744. 



115. The position of a spot, relatively to the 
sun's centre, may be determined by observing the 
difference between the time when the centre of 
the sun passes the vertical wire of a transit tele- 
scope, and when- the spot does the same. This 
gives the difference in right ascension ; and the 
difference in dechnation may be determined at the 
sanje time, by means of the moveable wire in the 
telescope. In this way, by observations made day 
after day, the path of the spot on the sun's disk 
lay be traced with great exactness. 

1. When the spots are followed in this way, many of 
them are fuund to change, and to disappear altoge- 
ther in the course of a few days. I^ometimes a 
number of small spots unite into one large spot ; at 
other times, a large spot separates in a number 
of small ones, which soon disappear entirely. A 
few of them, more permanent than the rest, may 
1 . be followed by the observation here descrilied, as 
)ong as two or three revolutions. 



H3 
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146. The Paths of the spots thus traced, are 
observed to be rectilineal ^t two opposite seasons 
of the year, the beginning of June and the begin- 
ning of December, and to cut the ecliptic nearly 
at an angle of 7^ 20'. between th^ first and the 
second of these seasons, the paths of the spots are 
convex upward, or to the north, and acquire their 
greatest curvature about the middle of that period. 
In the following six months, the paths of the spots 
are convex toward the south, and go through the 
same series pf changes. They appear to be ellip- 
tic arches. 

In the beginning of March and September, when the 
; ppening of the elliptic paths is at its nuiximumy the 
smaller axis is to the greater as 13 to lOQ. Xji 
Lanoe, Astronomie'i 3^3* 

117. The preceding a^ppearances may be ex- 
plained, by supposing the spots to be opaque 'bo- 
dies, attached to the luminous surface of the sun : 
thei sun having a revolution on an axis inclined at 
an angle of 7^ 20' to the axis of the ecliptic. 

The apparent revolution of a spot is performed in 27 
days ; but in this time the spot has done more than 
complete an entire revolution, having, in addition 
to it, gone over an arch equal to that which the sun 
)ias described in the same time in his orbit. This 

're4ucea 
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reduces tlie time of the sun's rotalion on Lis axis to 
S^d gh 3Ga>. All the ol)!!ei^ations do not agrre ex- 
actly iu bringing out this condu^ion. La Lakde, 
§3276., S;c. 

The problem, From three positions of a spot on tlie 
.<!un's iliitk, in respect of the ecliptie. to find the po- 
sition of bis equator, and of his axis of lotation, is 
of consitlerable difficulty. It was first directly re- 
solved by BoBcovicLi in 1737. See La Lande, 
§ 3257. who has also given a solution. Dr Her- 
scHEL has made many important observations on 
the solar spots. Phil. Tran%. 179*. 1901. 



lis. A phenomenon, from M'hich no informa- 
tion concerning the motion of the sun has yet been 
obtained, though, from some circumstances, it ap- 
pears to be connected with his rotation, is the Zo- 
diacal Light ; a luminous appearance, seen after 
sun-set, or before sun-rise, somewhat similar to the 
milky way, but of a fainter liglif, in the figure of 
an inverted cone or pyramid, with its base toward 
I sun ; having its ax.is inclined to the horizon, 
1 pearly in the plane of the ecliptic. 

The Zodiacal Light was discovered by Cassini in 
16S3; lint there is reason to tliink, that it bad 
been remarked liefore that period, 

H 4 Tli£ 
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The length of the Zodiacal Light, taken fit>m tbci 
iun upwards to its vertex, is various, from 45® to 
100°, and even 120°. 

The season most favourable for observing this ph^^ 

. oomenon, is about the beginning of March,^ after 

sunset: the axis extends toward Aldebaran, and 

makes, with the horizon, m angle iiearl; of 64 

degrees. 

The aspect of the Zodi^c^l Lig)it is by no means 
pniform ; it is much brighter in spme yea;^ than 
others. A reni^rkably brilliant; appea^an^e of it 
was observed at Paris, 16th February 1769. 

The Zodiacal Light appears to be inclined to the 
ecliptic at an angle of 7°, and to cut it in the 18th 
of Gemini ; so that It is in the plane of the sunV 
equator, or perpendicular to his axis of rotation. 
La Lanue, Astron. § 847. 
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As we do not think that the decisive facts haye 
yet occurred, which are to determine whether th^ ap- 
parent motion of the sun is not to be explained by the 
real motion of the earth, we have employed entirely the 
language that is suggested by the appearances. The 
. Jfiyver apsis of the elliptiq prbit, or that nearest to the 
fp^i^s in which either the sun or the earth is placed, has 

b^a 
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heen called the Perigee ; supposing that it is the point 
where the sun in motion approaches nearest to the 
earth at rest. On the contrary supposition, it would be 
called the Perihelion. The same applies to the terms 
Apogee and Aphelion, 

With respect to the distance of the Sun and Eaith, it 
must b^ observed, that the distances we have treat- 
ed of, are only the relative distances, referred to an 
imaginary standard, and not compared with any 

aown magnitude, such as the diameter of the 
The observations on which such a compa- 

ison Bs this must be founded, and by which the 
Bun's parallax is ascertained, cannot he explained 
till the planetary system is understood. In the 
mean lime, we may remark, that even by help of 

Ie observations abuve described, it may be iufer- 
d, that tlie sun's parallax is less than 10", 
°' 
i SI 
I 01 
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observations of the sun''s solstitial altitudes, 
saw, § 87., how the latitude may be deduced. 
!n order to make the deduction with accuracy, the 
's altitudes must be corrected for the parallax ; 
I; may be easily shewn, that if the horizontal pa- 
rallax of the sun Is so great as 10", the lat. of Green- 
ifrich, for example, determined without making 
the due allowance for it, would be erroneoxis, by 
The latitude determined by observations of 
the stars, is free from this error, and therefore 
ought not to agree with the former by 7". Now, 
,the correction necessary to be made, in order that 
ffte determination deduced from the altitude of the 
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fjipuld agre^ with .tli^t from -altitudes of the ftars^ 
is pot^a8ily.fi^.i¥ith perfect preqision^lHit is^cer-- 
tainly ao.t.ao £reat as T\ The sun'^s horixi^tal 
pairallan; is- therefore, less than J (/". 

If the correction above mentioned could be fonnd • 
with perfect precision^ » this method «f detemuoing 
■■ ■- thesun^s parallax, on account of its sin^licitj, 
would be preferable to all others. Though it does 
' not afford a precise measure, it assigns ai limit that 
may be used till a more exact result can be ob- 
tained. 

The parallax of the sun being, less than lO'Vhis dis- 
' tance must exceed 20626 semidiameters , of the 
. earth ; and his diameter must be to that of the 

■. earth in a. greater ratio than that of 16' 46 to 10", 
orof93tol. §75. 



Sect. 
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Sect- VII. 



HOTI037 OF THE KOOK. 



119; The Mood, next to the Sun, is the nfiost re- 
markable of all the heavenly bodies, and is parti- 
cularly distinguished by the periodical changes to 
which its .figure and li^t are subject These 
changes are called the Phases of the Moon. 

r 

. Jffodd curvata in c^^fmoj modd aqva porliont divisay 
moid sinMata in orbtm^ maadoaa^ eademque avbiti 
.prfBniicnSf immensa orhe plenoy et repcnti nulla, &c» 
Fuir. Ifiii. Nat. lib. lu cap. 0. 

120*. At the time when the moon is due south, 
abojiit midnight, her disk is an entire circle, sub- 
tending a^ angle not much different from half a 
degree. On the next night, she comes later to 
the ineriditin by about 48 minutes, and'the west- 
em part of her disk is no longer bounded by a 
circle, but by an elliptic line ; and this line, 
every subseqvient night, is se^n to encroach more 
on the^ lumipous part^ itill, op: the seventh night, it 

is 
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is nearly a straight line^ and the disk a semicircle. 
The diminution continues, the disk becoming 
more and more concave to the west, till, about the 
end of another seven days, it disappears altoge* 
ther. 

After a few. days, the moon again appears, like 
a. fine crescent, to the eastward of the sun, with its 
concavity turned toward the east, and continues 
to increase on that side till it begome entirely full- 
orbed» about 29 days from the time when it was 
last full. 

The' line separating the light and the dark part of the 
mQon is irregular and serrated, and its form, vs- 
ries while one is looking at it through the teles- 
cope: the light, as it advances, touches some 
points, while they are yet at a distance from the 
illuminated surface, and while all round them is 
dark. The light on them spreads, till it be united 
to the rest. 

' The Moon, when full, is opposite to the Sun : when 
she disappears, or when it is New Moon, she is in' 
conjunction with the sun : these two aspects of the 
moon are called the Syzigies. At the time when 
the moon appears as a semicircle, she is 90^ distant 
from the sun on either side : sb^ is t|ien said to b^ 
in thq quadratures, 

'The moon, during all these changes, advances among 
the fixed stars, at the rate of 13^ 10*4 at an ave- 
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t*age in 24 hours^ and comes later to the mfridian 
by about 48 minutes everjr day. The motion of 
the moon is therefore in the same direction with 
that of the sun^ or according to the order of the 
signs. 

ISl. These Phases may all be explained on the 
supposition, that the moon is an opaque body, 
spherical, or nearly so, which moves in a circular 
orbit rotmd the earth, while it receives its light 
{vGsa the sun. 

tie opacity of the moon is proved not only from hei' 
phases, but from the occultation of stars by the: 
dark or invisible part of her orb. 

122. When the place of the moon is observed 
every night,, it is found that hef motion is in the 
plane of a great circle, inclined at an angle (sut)- 
jcct to a small variation) of nearly 5^ 9^ to the 
tcliptic. 

' The line in which the plane of the tnoon^s orbit cuts 
the ecliptic, is called the Line of the Nodes. 

The Ascending Node^ is the point where the moon is 
in the ecliptic, ascending to the north i the Descend- 
ing Node, is that where she is in the ecliptic, de- 
scending to the south. 

123. The 
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123. The pofiition of the nodes is found, hy ob- 
serving the longitude of the moon, when she has 
no latitude ; and it appears, by a comparison of^ 
such observations, that the line of the nodes is not 
fixed, but has a slow retrograde motion, at the 
rate of S' 10".64 in a day ■, so as to complete a re- 
volution relatively to the fixed stars in 6793.4212 
days. 

BioT. Astron. Phys. vol. ii. p. 351. 2(le edit. 

As the moment of the moon being in the ecliptic 
may not be actually observed, yet, from several 
observations, taken before and after, the exact 
time, by the method of interpolations,' may be 
found. 

124. By comparing places of the moon, obser- 
ved at very remote periods, it is found that the 
secular mean motion of the moon, relatively to 
the fixed stars, is 1335 circumferences plug' 
306°.48763, which gives for the time of a siderial 
revolution 27^321 66'1. 

In the same way, the tropica! revolution, (taking in 
the precession of the equinoxes), is found to be 
27''.321fi82; anil the diurnal motion relatively to 
the tropics 13''.1B63G. 

It also has been found, on making these comparisons 
for very remote ages, that the secular mean motion 
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wtts less formerly than it ia at present. This in- 
crease of the mean motion is called the Mwm^M 
Accderaiion. It amounts to 9^ in the present age ; 
arid the effect' of it on the'mooti^s place increases as 
the squares of the time. 

1 25. The period of the phases, or the time from 
full moon to fail moon^ is greater than the tropi- 
cal revolution, as being the tfiiie required to de- 
scribe 360*, with an angular velocity that is equal 
to the difference between the angular velocity of 
the moon, and the angular velocity of the sun: 
this gives the period of the phases, or what ts call- 
ed the Lunar Month, equal to 

29d.630S88 = 29d ltf» 44« 2*.8. 

See BiOT, torn. ii. p. S5S. Also Woodhocse, p. 305. 
The above is La Place'^s determination. 



Moon' I Orbit. 



1 26. It may be found, from observations of the 
Moon's apparent diameter, as was done in the case 
of the Sun, that the orbit in which she moves is 
nearly an ellipsis, having the earth in its focus, 

about 
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about which the radius vector drawn to the mood 
describes areas proportional to the time, 

a. The same ma^ be also proved, from observation^ 
of the M oon^s paraUax ; the Moon being near' 
enough to the earth to admit of her parallax bein^ 
accurately determined. 

b. The Moon's parallax, when least, is 53* 50^.99, 
and when greatest, 1^1/ 32^i99. Hence the Moon'*s 
greatest distance is 63.8419 semidiameters of the 
earth, and her least 55.9164. The mean distance 
of the moon from the earth is therefore 59.8791, 
which is also the semitransverse alis* of her oi^- 
bit. 

c. A more accurate determination of these elements, 
has fixed the mean equatorial parallax at 57' 11^.4; 
the greatest distance of the moon at 1.05518, the 
least at .94482, the nieah distance being I. 

Hence the eccentricity is .05518. 

In round numbers, the moon'^s mean distance is 60^ 
semidiameters of the earth ; and her diameter is 
to the diameter of the earth as 15' to 57' ll''.4y 
or as 3 to 11 nearly. Vince, Astron. vol. i^ 
§171. 

127- From the eccentricity of the moon's orbitir 
the equation of the centre is found, 
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S: (60 lef 17^'.3) sin x + (IS' 49^.7) sin 2 » + (42^.3) mSs^i, 

X being put for the mean anomaly^ reckoned from 
TOe perigee. 

This is the equation of the eentare^ as defeced from 
De LambrIe^s Tables, published in Vincb^s Jstron^ 
Vol. Hi. see p. 133., &c. 

The miadmum of the equation is 6^ 17' 88^, and 
takes place when the mean anomaly = 86^ & (f. 

128. The axis of the lunar orbit is hot at fest^ 
but has a progressive motion, like that of the sun*s 
brbit. This motion is 0^ 6^41" in a day, or 40^ 
4l' 38^ in a year ; so tflaEt it makes an entire revo- 
lution, relatively to the fixed stars, in 3232*^.5807, 
or in a iittle more than nine years. 

The Trbpical revolution of the perigee is sliorter by 
l^ .1066. 

The motions hitherto enumerated, are similar in the 
Moon and in the Sun. There are other inequali« 
ties peculiar to the moon. 

129. The moon's longitude,^ calculated accord- 
ing to the laws of the elliptic motion, does not 
agree exactly with her true place, but requires to 
be corrected by an ai;ch proportional to the sine of 

VojL. II. I double 
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double the angular distance of the moon from the 
sun, minus her mean anomaly. 

a. If ([ be the mean longitude of the moon, and 
that of the sun ; the mean anomalj of the moon 
being «, this inequality is 

(P 21" 6'.6) X sin (2 (([—©)_ x)). 

h. This inequality is called the Evection : it was dis- 
covered by Ptolemy, and is, after the equation of 
the centre, the first of the lunar irregularities that 
was observed. 

c. The argument of it, or (2 ( C— ©) — »)), increases 
at the rate of 11« 18' 69'', or 11^3166 per day ; 

so that its period is TT^Tgg? er 31^.8119; that is, 

in the space of 31 days 19 hours 28 minutes near- 
ly, the evection runs through all its changes, and 
is beginning to renew them in the same order. 

d. At the new and full moon, or at the Syzygies^ 
when d — ©is either nothing or 180% the ar- 
gument is — Xy which gives the evection negative, 
if X is less than 180°, and positive, if it is greater, 
contrary to what happens to the equation of the 
centre, which is therefore diminished in both cases. 
At the quadratures, the equation to the centre is 
increased by the evection. The evection appears, 
therefore, as an inequality in the equation of the 
centre, arising from an increase of the eccentricity 

at 
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at the quadratures, and a diminution of it at the 
sjajgieg. 

130. Another irregularity in the moon's motion, 
tvhich vanishes at the syzygies and the quadra- 
tures, and is greatest in the middle between them, 
or in the octants, is called the MooftCs Variation. 
It depends on the difference of longitude of the 
sun and moon, or on their angular distance, and 
may be represented by the formula 

(86'42'0sm2((i— ©). 

The variation wto discovered by Tycho Brahb^ Its 
period is 144.7653, or half a lunar month. 

1 S 1 . The angular motion of the moon is also 
subject to a third irregularity, by which it is di«- 
minished when the sun approaches the perigee, 
and increased when he approaches the apogee. 
This is called the Amxual Equation : it depends 
entirely on the time of the year, or mean anoma- 
ly of the sun, and is equal to 

— (ir 11".9) sin Mean Anom. © . 

Ttcho Brahe^ was acquainted with this inec(uality, 
and made an allowance for it in the equation of 
time. These are the only irregularities in the 
moon'^s motion, that were known preriously to the 
theory of Gravitation. That theory not only ex- 

I 2 plains 
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jdaiiiB them, but bks led us to distinguiid inanjr 
more, of which the accumulated efBoCt wm percei- 
ved, by the disagreement of the calculated with the 
observed places of the moon, though their laws 
were unknown. These will be considered under 
the head of Phjucal Astronomy. 



Of the Moon's Revolution on her AxUf. 

132. The moon, as she revolves in her orbit 
^about the earth, preserves always, at leiast nearly, 
the same face turned toward the earth, and there- 
fore must revolye on her axis, in the same direc- 
,tion, and in the same time, that she revolves in her ' 
orbit. 

a. The mooii^s surface^ when viewed with a telescope, 
presents an' object so strongly characterised, as to 
leave no doubt of its being always the same. 

The accurate eiamination of the spots, which thfe 
tracing of the progress of the illumination has na- 
turally induced, has discovered some apparent ine- 
qualities in the moon^s revolution on her axis, to 
which the name of Libratum has been given. They 
are optical appearances^ and argue no real inequali^ 
ty in the moon's rotation. 

133. If 
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133. If the angular velocity with which Ih^ 
moon rerolires on her axis is uniform, that with 
which she revolves in her orbit, being, as we havfc 
seen, alternately accelerated an4 retarded, small 
segments on the east and west sides ought alter- 
nately to come in sight and to disappear. This is 
conformable to observation. 

Thus there is produced In the orb of the moon, an 
apparent libration backward and forward, called 
her Libration in Longitude, 

134. If the a!xis on which the moon turns, were 
perpendicular to the plane of her orbit, or if her 
equator coincided with that plane, we should per- 
ceive no other libration than that which has now 
been described. But in fact the spots on the 
north and south of the plane of the moon's orbit, 
alternately advance toward the middle of the 
disk, and recede from it by a very small quan« 
tity- 

This is called the Libration in Latitude, and shews 
that the moon'^s axis is not exactly, though nearly, 
perpendicular to the plane of her orbit. 

135. A third libration arises from this, that the 
point to which the moon presents always the same 
face, is the centre of the earth, round which the 

1 3 spectator 
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spectator describes a circle parallel to the equator, 
in the course of the diurnal revolution of the 
earth. 

Hence, when the moon rises, a spectator sees some 
spots toward the upper liinb of the moon, which be 
would not see at the centre. As the moon becomes 
more elevated, these points approach more to the 
upper edge, while others, on the inferior limb, come 
in sight. This order is reversed as the moon de^ 
scends to the horizon. This is called th^ JHumal 
or Parallactic Libraiion. 



1 36. From an attentive observation of the lunar 
spots, it has been found, that the equator of th^ 
moon is inclined to the plane of the ecliptic, at an 
angle of I ^ 30' ; and that the line in which its 
plane cuts the plane of the ecliptic, is parallel to 
the line of the nodes, or to that in which th^ 
moon's orbit cuts the same plane. 

BioT, tom. II. p. 411. § 73. 

a. Supppse three planes to pass through the centre of 
the moon, one representing the equator of the 
moon, another the plane of her orbit, and let the 
third be parallel to the ecliptic. This last will lie 
between the two others, and will intersect them ii| 
^e same line in which thej intersect one anotherv 
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« 

With the first, it will make an angle of 1^ 30^; 
and with the second an angle of 5^ 9. 

This curious fact was obseired by Cassini. La 
Granob has explained it from the theory of gra- 
vity. 
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ECLIPSES OF THE SUN AND MOON 



1S7- The Sun and Moon are both subject to oc- 
casional obscurations, most frequently partial, but 
sonaetimes also total, which are called Eclipses. 

138. The Eclipses of either of these luminaries 
happen only when the moon is near her nodes ; 
that is, either in the plane of the ecliptic or near 
it. Those of the sun happen only at new moon, or 
when the moon is in conjunction with the sun : 
the eclipses of the moon, again, happen at the full 
mooD, or when the moon is in opposition to the 
son. The three bodies, then^ the Sun, the Earth and 
MocM), are always nearly in the same straight line 
when an eclipse happens ; and conversely, when 
these three bodies are in a straight line^ or not dis- 

1 4 tant 
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tafit froift it hj more than tertaiiK Hintti^ ati: eclipse 
always takes plaee. 

189. Hence k is evident, that an ecUpse hap- 
pens, in consequence of one of the two opaque 
"bodies, the Earth and the Moon, being sq place4 
as tQ prevent the Sun's light from falling on the 
other. 

The interposition of the moon f)etween the sun and 
the earth, produces an Eclipse of the Sun ; and the 
interposition of the ea]rth between the moon and 
the sun, so that its shadow falls on the moon, or 
on any part of the moon, pro(]i|ce8 an Eclipse of the 
Mood. The whole of the phenomena of ecliptfi 
admit of explaif ^^scnq^ oif these principle^. 

140. As the return of eclipses must depend oi^ 
the return of the line of the sy^ygies to the line 
of the nodes ; and as the mean angular motion of 
these lines, is kpown, the periods at whicl^ eclipse^ 
would return^ were there no irregularity iq the 
motions of the earth and of the moon, may be easiy 
ly calculated. 

a. Tlie time qf a lunation, or qf one revolution of the 
line of the syiygies, is 89^.590688, as already 
stated ; and a revohition of the Use of the aodes^ 
relatively to the sun, is 346^.61963. If, by the 
of coaliaued firactioos, we seek for smaller 

pumbefs^ 
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pnmbers, that may nearly express this ratio^ we 
shall find 19 and 233; so that afler 223 lunations, 
the node has nearly performed 19 revolutions. In 
223 lunatiQOSy-therefore,^ or 18 Julian years 10 days 
. and 7 hours, the sun, the moon, and the node are 
nearly in the same position with respect to one ano- 
ther ; ami the scries of eclipses returns nearly in 
jthe same order. 

This period is thought to be the saros of the Cba^ 
dean astronomers ; and their predictions of eclipse^ 
were probably founded on it. It is particularly 
mentioned by Pliny. A period of 621 Julian 
years, is. considerably more exact. La T^akde;, 
Jst § 1503. 

k* The mean laotioiis. of tjbie lines <>f the syzygies, and 
of the pod^, aire akp U3ed in another wq^ hat the cal- 
culation of eclipses. Though the mean places of 
f,hose lines are different firoia tbe ti^e^ and though 
it be on the hitter that the phenomena of eclipses 
depend, it is useful to have the mean places, in or« 
der to know whether the circumstances are such, 
that an eclipse can possibly happen or not at a gi« 
ven new or full moon. The mean motions in 
astronomical tables, afford the means of perform- 
ing this calculation, which is also much abridged 
by a table of what are called the Epact^ that is, of 
the ages of the moon, (reckoning from the last 
mean conjunction, and supposing her motion uni- 
form), at the beginning of every yeai*. La Lande, 
49troff» $ 1732. ;.Fergus9ov, Astron. 
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Eclipses of the Moon. 

141. The length of the earth's shadow varies, 
according to the distance of the sun and earth, be- 
tween the limits of 212.89G and 2S0.2S8 semi- 
diameters of the earth; its mean length being 
216.531. 

Half the angle of the cone formed hj the shadow of 
the earth, = semid. O — parallax G ; and therefore 
if r be the radius of the earth, S being the appa- 
rent semidiameter, and p the horizontal parallax 
of the siih, the length of the shadow reckoned firom 

the earth'^s centre = -? — 75 ^ . 

sin (S — p) 

142. Hence half the angle subtended at the 
earth's centre, by the section of the shadow at the 
distance of the moon, is P — S +/>• 

P is the horizontal parallax of the moon, S and p as 
above. 

The apparent semidiameter of the shadow^ maj there-* 
fore vary from Sr 48" to 46'.62. '^ v 

See WooDHOusE^ Aatron. p. 340. 

As 
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As tbe diameter of the sbadoTr may be greater than 
three times the diameter of the moon, the moon 
may be totally eclipsed for as loDg a time as she 
takes to describe twice her own diameter, that is, 
for about tn-o hours. 



143. The phenomena of a lunar eclipse may 
te understood, by conceiving two circles of given 
magnitudes, the disk of the moon, and the section 
of the earth's shadow, as moving in the same 
plane with given velocities, and given directions ; 
the moments when they touch, when they cease 
to touch, and when their centres are nearest ro one 
another, determine the beginning, the greatest 
obscuration, and the end of the eclipse. 

As these circles move in the same plane, and are in 
contact with one another, the place of the spectator 
makes no difference as to the preceding phenome- 
na, which must happen at the same instant of ab- 
solute time to all observers, in whatever part of 
space they are situated. Hence the phenomena of 
a lunar eclipse are in themselves far simpler, and 
more easily calculated, than those of a solar eclipse, 
where the body that obscures the other is distant 
from it, 80 that their apparent places are much af- 
fected by the place and the motion of the ob- 
SMrer. 



IM. ConsideriDg 
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' 144k, Conaidering tht snAtTl archer moted over 
by the moon, and the section of the shadow, 
during the time of an ecKpse, as straight lines 
given in position, and described by two points, 
viz. the centre of the moon's disk, and the centre 
of the section of the shadow, moving with given 
• velocities, the determination of the phenomena of 
a lunar eclipse is reduced to the solution of a 
geometrical problem. 

Let ST and MP, (fig. 14.), represent the portions of 
the ecliptic, and of the moon^s orbit traversed, du- 
ring the time of a lunar eclipse, the first by the centre 
of the section of the shadow, and Che second by the 
centre of tbe moon, considered as straight Hnes. 
Let S be the centre of the earthy shadow, and M 
the centre of the moon at the instant of the oppai* 
aoti, and let S^ and M ' be any other cotomporarj 
positions of these centres ; SS' and MM' being ta- 
ken in opposite directions. Draw S'N parallel to 
SM ; and join M'N. Now if t be the time in 
which SS' and MM' have been moved over, rec- 
koned from the moment of the opposkioit, in hours 
ami decimals of an hour ; lei thq Iwratfj motion of 
the moon in longitude be m, so that MO=m^ 
her horary nvotion in latitude a, so that 'WOzrz x t ; 
and let the horary motion of the sun or of the sh'a« 
«k)w be le, then SS' = MN zinU 



Also 
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Also, tan. NM'O = ^~^, so that titk angle MM'O 
= iS'NM' is gii^en ; let this angle = ft 



then NM' =r ^^(n + m)* + a"" =: r f, 
f being ir a/<« + 1»)* + a*. Hence, if SM t= a, 



and if the sum of the scsnidiameter of the moon 
and shadow be called s^ we have the equation 
r* ^* — 2 a r * cos /3 + a* = s\ for determining t. 



Henee t=:2 ± !!Z!!=fJEil, or 



r r 



— V a^ >*— g sin /8 ^ 

."* r 

These two values of t give the time of the beginning 
and end of the eclipse. 

The least distance of the centres^ is found by substt. 

tuting - for t in the formula 



S'M' z=, \/ r" t'' — 2 a r t X cos ^ + a\ 
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STtf' is then = •a*_2«*cos * + a*,= 
aVl— 2cosi8 + lr=2asuig/8=:Sa nudUplied 

into the sine of half the apparent indinatiim of the 
moon^s orbit. 

When 8*:=:a^mfi\ or 9=rasin0, there can be no 
more than a contact of the moon and shade, 
which will happen at the instant expressed 

by -• 

s s 

When 8:=:asiafi, sin0=:-» and if sio/S >-^ there 

a a 

can be no eclipse^ as sin ^ = - ; therefore, unles» 
- be less than -, there can be no eclipse. Now,- 
r = w + n + --p ^^ nearly ; so that 



m + » + 



^ 



2 (m-i-n) 



must be less than - , otherwise there can be n0 

a 

eclipse of the moon. 



A 



It will serve as a limit, to consider whether . i» 

m "f" n 

less 
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less than - ; or whedier the horusootal motiMi 
a 

q[ the moon in latitude, ha^e to the sum of the ho* 
raiy motions of the moon and sun in longitude, a 
less ratio than the sum of the semidiameters of the 
moon and shadow has to the latitude of the moon 
at the time of the conjunction. 

a + s 
If a = 0, « = -=-. 

When the moon merely touches the shadow, that 
is, when the nearest approach of the moon to 
the shadow is just equal to the sum of the semidia- 
meters of the moon and of the section of the sha« 
dow, we have what is called an Jppulse. 

To derive as much advantage from the knowledge 
of the ecliptic limits as possible^ it is neces- 
sary to observe, that when the mean opposition 
is 12^ 36" distant from the node, there can be 
no eclipse ; and that when it is less than 9^ distant 
from it, there must be an eclfpse. Between these 
limits 13^ 36' and 9°, the matter is uncertain, and 
must be decided by the calculation of the true place 
of the moon, &c. These are the limits given b> 
De Lambre ; WooDHOusB^s Astron. p. 343. The 
limits are differently assigned by other writer^s, 
ViNCE, Astron. vol. i. § 54o. 

145. The moon seldom disappears entirely ia 
lunar eclipses j even the spots may be distinguisk- 
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^ througfa the shade : the nearer the mooa hap- 
pens to be to the earthy or the farther she is 
fttnn the apej^ of tiie shadow^ the datknfess is 
the greater, 

. The }ight ihat» ^ the refrajs^on ef the earth^s atmo-* 
sphere, is made to enter within the liftiits of the 
conical shadow^ is no doubt the ^anse of this phe^ 
nomenon. 

In some instances the moon has disappeared ehtireljy 
as in that mentioned by Eeplbr in June 1620. 
HbybIius has taken notice of another, wdere the 
moon could not be seen even with a telescope,* 
though the night was remarkablj clear. 

146. As an eclipse of the mbon happens at the 
same instant of absolute time to all observers, it is 
one of the phenomena, from the observation of 
which the longitudes of places may be most di- 
tectly inferred, § 67. 

On accoantof the ill-defined tkranJary 6f the shadow, 
this method of ascertaining the longitude does not 
admit of great precision. It is difficult to deter- 
mine the beginning or end to less than a minute 
of time. 

' 'rhe arrival of the boundary of the shadow, at the dif- 
ferent spots, can be more accurately ascertained 
than the beginning or end ; and^ therefore, as many 

observations 
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ieimeti^ftkom of tii$i kmi sbouUi be made at poi- 
siUe. 

Wheii sererftl such dbsermtions, made und^ tff^ 
dMereilt meridians, are eompa^, tlie mean mtLf 
ftiriifah a tolerably escact detetminatioB of the dif^ 
ferehee of longitude. 

The comparison of the beginning or end, with calcu« 
lations previously made, maj also serve for finding 
the longitude^ and may be useful for that purpoK 
at sea. 



Slotar Eclipses. 



147. The length of the moon^s ^hadovtr is lc§a 
than that of the earth, in the same ratio that the 
diameter of the nioon is less than the diameter o£ 
the earth ; that is, in the ratio of I to S.562. 

a. Hence, when the Barth ia iii the lipheUon, the length 
of the Moon^ shadow is 59.730; and if the moon 
is in the perigee, its distance froiH the earth is on- 
ly 56.9012 ; so that the shadow may reach the earthy 
and a total ecUpse may take (dace. But if the moon 
were in her apogee^, when her distance is 63.869, 
Vol II. K thtf 
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-' tfae-sbtidoW <;6uld not reach the .e«Plh, ^aod the 
eclipse could not anywhere be total. 

i. Wheti the earth is in; the perihelion, the kngthof the 
«i . Qioon^s shadow is 57.76; and if at the same time 
ii. the. moon be .in the perigee* or indeed nearer 
than her mean distance, a total eclipse maj hap- 
pen. 

^ . . 

c. The moon'^s mean motion about the centre of the 

* * - 

earth is SS' in an hour ; and the shadow of the 
moon, therefore, traverses the surface of the earth 
when it falls on the surface perpendicularly, with 
a velocity of about 380 miles in a minute. When 
the shadow falls obliquely, its velocity appears 
greater in the inverse ratio of the sine of the obli- 
quity. 

Relatively to a point on the earth^s stuface, the sha^i 
dow may go much faster than this, as its motion 
may be in an opposite direction to the diurnal ro- 
tation. 

The duration of a total eclipse,^ in any given place^ 
cannot, exceed T 58% La Lande, § 1777. 

An Annular Eclipse, or one where the sun'^s disk 
appears like a ring all round the moon, may last 

'To have a partial eclipse of the sun, it is not requi- 
site that the shadow should reach the earth ; it is 
sufficient that the distance of the centres of the 
f^. sun and moon be less than the sum of their appa- 
rent semidiameters, 

148. When 
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1 I 



I4d. WheA.an opaque.bddy.is.oppbsed-to one 
"Whieh is luminous, there i$ a certain^ srpacebdiind 
the former, from which the latter is only partial- 
ly visibk* This space is called the Pet^tnbjra s>f 
the opaque body. 

«(• If the bodies al^ spheridal^-tlie penumbite is acoMy 
having for its angle the line johiing.the centrea of 
the two bodies ; and for its vertex, the point in 
" ' that lin6 where tangehtft to the oppqisite sidecr of the 

two bodies intersect oiie another. 

.«•■-.. ... 

&• Half the angle of the conical penumbra of the 
moon^ is equal to the apparent «emidiameter of the 
sun, plus the angle which the tnoon'^s semidiametei^ 
subtends at the sun» 



•• 



i49.*'fo conceive the phenomena of* a. solar 
eclipse in general, we may consider the section of 
the moon's penumbra as advancing on the. earth 
from the west, and as being viewed by an obser- 
ver in tlie moon, in the same mantier that an 
eclipse of the moon is viewed by an observer on 
the earth. 

r 
t 

The observer might be placed aiijr Where, pro^idiug 

he saw the whole of that side of the earth which is 

turned to the sirii; but it- is Ihost convenient to 

' - ' suppose him' in^^be moon, that the arches^ eompa- 

Kg .red 
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rid with one tnotbery maj belong to cirdes of (be 
Mine radios^ 



150. The penumbra in a solar eclipse, if riewed 
from the moon, would subtend an angle equal to 
t^ sum of the dtamcttm of thci suo wd mwv^ as 
seea Stem the earth, 

When the p«iiimbra jiwt toMches tfae cGA of the 
earth, the distance of their centres if equal to half 
the angle subtended by the section of the penum^ 
bra, plu8 the moon^s horizontal parallax ; that is^ 
=: semidiam. D + semid. <f Ror. Par. > . 

If tBe least distance of the centre of the son and 
moon, (the same with the least distance of the 
centres of the earth and of the penumbra), is less 
than this, there can be no eclipse. 

The greatest value ci Ae above angle is about 
!• 34' 27". Suf^fKwing this to be thr distance at^ 
the time of the ecliptic conjunction, we get the idia* 
tance from the node XT'" 2V 27''. If the con- 
junction happens nearer to the node than this, 
there may be an eclipse. If it be more distant 
tiiare can be none. 

The limits of solar edipsef being greater than: of lu- 
nar» there ajpe loore «(ljpses of tl^ sun than of the^ 

moon^. 



ASTRONOMY. 

moon, and that nearly in the ratio of 3 to ^ ; but 
fewer eclipses of the sun aie observed in anj' given 
place than of the moon, as a lunar eclipse is visible 
to a whole hemisphere ; but a »olar only to a 
part. 



151. The general phenomena of the eclipse be- 
ing calculated to the time of a given meridian, the 
phenomena, as they will be observed at any parti- 
cular place, may also be determined, by calcula- 
ting the altitudes of the sun and moon, and the 
ctfects of their parallaxes for different instants of 
time, and then employing the method of interpo- 
lation, to determine the time of the beginning and 
find, and the quantity of the greatest obscuration. 

a. T,et the places of the sun and moon be found for 
an instant, far from the beginning of the eclipse, 
and from thence let their altitudes for the given 
place be computed, as also the etfects of parallax in 
longitu.de and latitude. 

Let the difference of the apparent longitude of the 
two bodies thus found be called 3, and the latitude 
of the moon /. If the sun''s parallax is included, 
let his parallax in latitude be applied to the moon, 
taking notice, whether it increases or diminishes 
the difference of latitude. Then ACB, fig. 15. be- 
ing an arch of the ecliptic, A the place of the sun, D 
computed, P the pole of the 
circle of longitude, AC = 3, 



of the moon, as just 
ecliptic, and PDC 
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and CD =: x. and AD the distance of the eentres, 

which we maj cailyi^S/y+x^^ because the triangle 

ACD m^j be regarded as rectilineaL In practice^ 
y may be found hj a construction ; or if great ac- 
curacy is required, we may compute y from the 
trigonometrical formula, cos^ = cos > x cos k 

b. Let similar calculations be made for other two 
instants, separated hj equal intervals of time m ; so 
that one may be near the middle, and another near 
the end of the eclipse. Let the distances of the 
centres found for these times be A, A^ A'' ; let 
the differences of these distances be D and D^; 
and let the second difference, or D — r D' = A. 

Then if y be the distance of the centres for any time 
tf reckoned from the instant fbr which the first 
computation is made, y = 

^ m 2 m* 

The dbtance of the centres is thus expressed, ia terms 
of the time, and from this equation the time of the 
beginning and end of the eclipse, and the quantity 
of greatest obscuration, may be determined;.' 

«. The time of the greatest obscuration h = 
iii(D~AA). 

and this being substituted for f, the value Of ^ wilj 
give the nearest approach of the centres* ' 
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d. This is onlj one of manj methods that have been 
contrived for the calculation of eclipses. La 
Lande, Jstron. torn. ii. § 1860, &c. 

f . The g^metrical construction^ bv means of a project 
tion, is sufficiently accurate for the prediction of 
eclipses. The most simple is that which supposes 
the observer to be placed, in the sun, and to see the 
path which any place on the earth^s surface de- 
scribes In consequence of the diurnal motion, pro- 
jected into an ellipsis on the plane of the earth^s 
disk, while the path of the moon'^s shadow is, pro- 
jected into a straight line on the same disk. La 
Caille, Asiron* Yince, § 575. 

f. AiYery great addition to these methods of calculation 
was made bj La Caille, viz., that by which a 
geographical representation is given of the path of 
the shadow, the quantities and the times of obscu- 
ration, &c. for all plaices of the earth. La Caille, 
Astron. 1166^ La Lande', Astran. § lOH. 

The construction of such a map may be made with 
sufficient accuracy by means of a cclei^tial gjobe. 



K 4 Number 
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Nuniber of Eclipses. 



a. In tbe space of eighteen years, there are usually 
about 70 eclipse, 29 of the moon, and 41 of the 
sun* These numbers are nearly in the jMrpportioii 
of 2 to S. 



}. Ser^i is the greatest plumber of ecHpses that can 
happen in a year, and two tbe least. 

c. If there are seven, five must be of the sun, and two 
of the moon. If there are only two^ they must be 

^ both of the sun ; for in ^ery yeac there are a^ 
least two eclipses Kii the son. 

d. There can never be more ti^an three eclipses of the, 
moon in a year ; and in some years there are none 
at alL 

e. Tbouffh the number of solar eclipses is greater, 
dian of lunar m the ratio of S to 2, yet mor^ lunar 
than solar eclipses are visible in any particular 
place, beqiuse a lunar eclipse is visible to an entire 
hemisphere, and a solar is only visible to a part. 
Vivcb's Aiinm. § 588. 

f^ Central Eclipses are comparatively rare phenome- 
na ', for though there are about 28 such eclipses in 
every tydt oi eighteen years, yet the space over 

which 
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Which every one of Ihem appears to be oentral, is i^ 
narrow belt, perhaps & niere Riathematical line, 
traced across the enlightened hemisphere of the 
esrth. 

k. A central eclipse is annular, when (he angle aub- 
Ktended by the sun's diameter is greater than that 
subtended by tlie moon's ; it is total for an instant, 
or sine viorS, when these angles are equal ; and it 
is total for a portion of time that can never exceed 
eight minutes, when the angle subtended by the 
moon's diameter is greater than that subtended \ty 
_ the sun's. 

K'A central eclipse observed at London in April 
a7I5, is described by Dr Hallky. The darkness 
for a few minutes was so entire, that the stars be- 
came visible. Though the disk of the sun was 
wholly covered by the moon, 3 luminous ring of a 
taint pearly light surrounded the body of the moon 
the whole time. Its breadth was about a tenth of 
the moon's diameter. The longest time that the 
obscuration lasted any where in Britain, was about 
3w 57'. Phil. Tram. toI. 29. p. 395., &c. ; Vince, 
l4ron. vol. i. § b%6. 



Occulta t'wH 



154 OUTLINES OF NATURAL PHILOSOPHY. 



Occult at ion of Stars. 

m 

152. The same method used in calculating 
eclipses, may be applied to compute the occul- 
tation of a fixed star by the moon ; only, When 
the moon is distant from the ecliptic, the base of 
the . right-angled triangle in the former construc- 
tion, must not be supposed equal to the difference 
of longitude, but to that difference multiplied 
into the sine of the zenith distance, or the cosine 
of the latitude. 

If S (fig. 16.) be the star, D the moon, D the diffe- 
rence of latitude, SE is not to be taken as equal 
to AC, the difference of longitude, but as equal to 
AC >< sin SP =1 dif. long, x cos a . 

The di&tance SD being thus found, the reit of the 
computation is as before. 

If at the time of the mean conjunction of the moon 
and a star, that is, when the tnoon'^s mean longi- 
tude is the same with the longitude of the star, 
their difference of latitude exceed l^ST there cai| 
be no occultation, but if the difference be less than 
51', there must be an occultation somewhere on 
the face of the earth. Between these limits there 
is a doubt, which can only be removed by the cal- 
culation of the moon^s true place. Vince, vol i. 
§691. 

AH 
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AU th^ stars of which the latitude is less than 4° 32^ 
may suffer occultations by the moou, in any part of 
the earth. Dr Brewster has given a catalogue of 
tlie most remarkable stars subject to occultations 
of the moon. Edinburgh Eiuyclopadiaf art. Mtr^n 
nomyj ToL ii. p. 668. 



Sect. IX. 



OF THE PLANET3« 



158. It was said, (§ S« a.) that beside the sua 
and moon, ten of the stars have motions eastward, 
peculiar to themselves. They are called Planets, 
and are distinguished by particular names, which, 
taken in the order of the celerity of their motions, 
are Mercury, Venus, Mars, Juno, Vesta, Ceres, 
Patios, Jupiter, Saturn, Uranus. 

fL The first two perform theur revolutions in the 
heavens in less than a year, and are called inferior 

planets; the rest have their period greater than a 
year,, and are called «i^enor. 

b. Five of the Planets, Mercury, Venus, Mars, Jupi- 
ter, and Saturn, are very conspicuous, and have 
been known from immemoriiil tiji^e. . Flint says 
of them : ** Suus quidem cuique color est; Saturno 
candidus, Jovi clarus, Marti igneus, Lucifero can- 
' vf'^iis, Vesperi refulgens, Mercurio radians; Soli 

dim 
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cAm oritur srdens, posld^ ra4iftaft»* lArl. Nat, 
lib. II. cap. lis. 

S7 Lucifer is understood Venjasy when seen ia 
the morning before suojnse. B7 Vesper^ the 
same planet seen in the eyi^png after ninset 

c> The other five planets are visible only through the te- 
lescope^ and have been latelj discovered ; Uraniis hf 
Hbrschel, in 178} ; Ceres by Piajszi, in 1801; 
Pallas bj Olbers, in 1802; Juno by Haeduto^ 
in 1803; Vesta by Oi^ias^ in 1807* 

d. The planets have also particular characters, bjr 
which they are distinguished ; these, in th^ order 
in which they have been coaumemted, are, * 

It is best to t^gin with the inferior phli^, M 
with Venus, ps that of which the phenomcni^ are 
most easily observed. 



154i. Vemis the most brilliant of the plaoets, 
always accompanies the s^^, never receding from 
him more th^n 45*", and becoming, as riie is on 
the east or west side, alternately the Evening or 
the Moining Star. 

a. Venus is the only planet mentioned in the Sacred 
Writings, and in the most ancient poets^ sueh as 
Hes^oo ^nd HoMEn. 

». The 
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b. The Evening and Morning StoTi or the Hesperus 
and Phosphorus of the Greeks, were at firat suppo- 
sed to be different. The discovery that they are 
the same is ascribed to PyTBAcoiiAS. 

155. This pknet, when an evening star, and at 
her greatest distance from the sun, or at what is 
called her Greatest Elongation, appears, through 
the telescope, to have a semicircular disk, like the 
moon in the last quarter, with its convexity turn- 
edtothe west. From that time, during her ap- 
proach to the sun, her splendour increases for a 
while, though the quantity of the illuminated 
disk diminishes, like the moon in the wane ; and 
at the same time, her diameter, measured bj the 
distance of the horns, increases, 

a. At the time of her greatest elongation, Venus h 
stationary with respect to the sun, or has the ^ame 
motion in longitude. After that, her motion in 
longitude becomes slower than the sun's, and she 
comes nearer to the sun, as just remarked. At a 
certain point she becomes stationary witli respect 
to the fixed stars, having no motion in longitude. 
After that, her motion becomes retrograde in re- 
spect of the fixed stars, and is directed west- 
ward. 

b. Venus at last approaches the sun, so as to be lost 
iu his light ; and after some time, appears on the 
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west side, and is seen in the monuDg, before &€ 
sun rises. 

c. Though Venus in general is not vbiUe at tfce time 
of her conjunction with the sun, she has sometimes 
been seen as a dark spot passing over the body of 
the sun. This is the phenomenon called the Ttan- 
rii of Venui. Her diameter is then greatest, nd 
measures nearly one minute. 

156. As Venus proceeds to the westward, he^ 
disk is seen as a crescent continually increasing, 
at^the same time that the diameter is dinkinish- 
ing. At the elongation of 45^, the disk is agaiti 
a semicircle ; and from thence it increases, while 
the distance from the sun diminishes, till the pla- 
net is lost in the sun's rays ; her orb being almost 
a ^ircle, but its diameter not more than one-sixth 
ot what it was at the former conjunction. 

a. The conjunction, which is preceded hj the Bp" 
proach to a full orb, or that which follows the wes- 
tern elongation of Venus, is called the Mrpmorccm- 
Junctiotij as she is then farthest from the earths The 
other the inferior. 

h. The time of the greatest elongation of Venus is 
about sixty-nine days before or afler the inferior 
conjunction, when she is between 39° and 4/OP dis- 
tant from the sun, and comes to the meridian Ih 
S8^ either before 6r after noon'; her dbk is then 

like 
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.Hkt that of the moon five days before jot after the 
conjunction. L^ Lamde, § 1147. 

- 137* After the superior conjunction^ the orb of 
Venus increases in magnitude ; but the enlighten - 
6^ part diminishes, just reversing the former order, 
till She arrive at her greatest eastern elongation ; 
after which the phenomena are repeated, as alrea- 
3y mentioned ; and the period which circumscribes 
ail those changes^ or the time from one copjunc* 
don to the next conjunction of the same sort, is, 
in its mean quantity, 5 84 days. 

«. This is called the Synodical ilevolutton of Venus^ 
Sh^ is retrograde with respect to the fixed stars 
during forty-two days of that period. 

158. Hence it is evident, that the orbit of Ve- 
nus surrounds the Sun, but excludes the Earth ; 
and that her motion, with respect to the sun, may 
be equable, notwithstanding the variety of ap- 
pearances it puts on to a spectator in the earth. 

a. If a be the distance of the earth from the sun, and 
X that of Venus from the sun, a i-x will be its 
distance from the earth, at the superior conjunc- 
tion, and a — jc at the inferior; and by § 156. 
« + *:« — «::6cl; so that S a : 2 * ; : 7 : 5, or 
as 10 to 7, If the eartli'^s distance from tlie sun 
^ . . be called 10, that of Venus is 7; and this serves as 

a 
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* 

m fitit attproxinutioii to ike distiufice of Venusy 
supposing her orbit a circle^ with ks omtite in the 

sun. 

L From die synodical rti^lation of 584 days^ the 
periodic time of Venus is found nearly equal to iSS4 
dayii. For if o be the angular velocitj of tlia 
planet in her orbit, or her diurnal motion^ that c£ * 
Uie earth being $9' 8^*3 ; then the arch described, 
by the sun, during a synodical revolution of Ve^ 
nus is (59' 9*3) 584 ; and that described by Venus 
in the same time is 360 + (59^8^.3) 584; thore- 
fore the didnial motion of Venus in her oibit 

__ 360 -t- (Bff 8^3) 584 _ ,^^,, ^ ^ 360 
^S4 -6y8'.3+ ^ 

= V 35' 56^' ; and the penoUe timo =£ 
{0 35> 65 = 284 days nearly. 



159. Mercury^ like Venue, accompanies the 
sun, and never recedes from bim farther than 28*^. 
The greatest diatneter is 1 r.276, the least 5^025. 

a, tienee Mercury describes an orbit round^e sun^ 
at the mean distance^ (computed as in the ^ue of 
Vaius), of 3-7 of the parts whereof the Earth^s dis. 
tance from the sun is 10. 

h. The synodic revolution of Mercury is llf^.877 
nearly! 

> The 
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Tbe diurnal motion in his orbit 4^ 5' 32^. 
The periodic time 87^.97 nearly. 

160. The points in which a planet has no lati- 
tude, are called, as in the case of the Moon, the 
Nodes of the Planet. The Planet is then in the 
ecliptic, and one-half of its orbit lies on the north, 
the other on the south side of that plane. 

«. The line of the nodes of erery planet, or the com- 
mon section of the plane of its orbit, with the 
plane of the ecliptic, passes through the Sun. This 
was discovered by Kepler. See Dr Small'^s Ac- 
ctmnt o/*K£PLfcR**s Discovertesy p. 16^. 

b. The node through which the planet passes into the 
northern signs, is called its Ascending Node ; that 
through which it passes into the southern, is call- 
ed the Descending Node. 

t. The Heliocentric place of a planet, is its place as 
it would be seen from the Sun : the Geocenlric, as it 
is se^n frqm the Earth. 

l6k When the Earth is in the line of a pla- 
net's nodes, or, which is the same, when the Sun 
is seen from the Earth in that line, if the planet's 
elongation from the Sun, and its geocentric lati- 
tude be observed, the inclination of the orbit may 
be found ; for, the sine of the elongation is to the 

Vol. U. X« radius, 
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radius, as the tangent of the geocentric latitude to 
the tangent of the inclination. 

La Lande, 1358. Gregory^s Astran. Book iif. 
prop. 80. 

If the planet be 90^ distant from the Sun, the lati- 
tude observed is just equal to the inclination. Ekp- 
LER made use of this last method for determining 
the inclination of the orbit of Mars. 



162. If an inferior planet, at the inferior and 
superior conjunctions, or a superior planet at the 
opposition and conjunction, be also 90° distant 
from the node j from the observation of its geo- 
centric place, the inclination bf the orbit being 
known, the ratio of the planet's distance from the 
Sun, to the Earth's distance from the Sun, may 
be found. 

In the annexed figure, (fig. 17.), let S be the Sun. 
VV the orbit of Venus, E the Earth ; then joining 
EV, EV, and drawing the perpendiculars VD, 
V'ly, if ES = fl, SV = J, and the angle ESV = I, 
SD = ftcosI = Siy; so that ED = a — icosi, 
and ED'na + icosI. If the angle VES = a, 
and V'ES = a', then because VD = V.<D', 

ta^ 
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im ^ : tan a' : ; a -f" 6 cos 1 1 a — i coj {. And 

- 4 tan A — tan a' 

tience — = 5-77 —r — -7: . « 

a cos I (tan a + tan a') 

TihiH affords a first approximation to the distance of 
the planet, supposing its orbit to be circular- 

168. The orbits of the superior planets, include 
oth the Sun and the Earth within them ; and the 
un is nearly in tfte centre of each. 

a. Those planets are seen in opposition to the Sun as 
well as in conjunction ; and in the latter situation, 
the angle subtended by the planet is much less 
than in the former. The angle, for exaffiple, un- 
der which the diameter of Mars is seen in opposi* 
tion to the Sun, is 18^^972; and in conjunction 
3^'.96, only a fiflh part of the former. Hence, rea- 
soning as before, a being the distance of the Earth, 
from the Sun, and b the distance of Mars from the 

«$me, b + a:b — a::5:l, apd 2b:2a::6:4f, 

w 6:rf^:3:2. 

^. When the oppositions of Mars are observed in dif • 
ferent places of the heavens, and when, of conse^ 
quence, Mars is in different points of his orbit, the 
ratio of & to a is still found nearly the same ; hence, 
as we know that a does not vary mtich, the varia- 
tion of i must be inconsiderabkr, and the Sun must 

L 2 therefore 
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1 therefore be nearly in the centre of the erbit of 
Mars. The smnie is trqe of Jupiter, Saturn, 
&c. • 

c. Mars appears \Xrith his disk perfetptly round, both 
at the opposition and the conjunction. }i| the in- 
termediate positions, he is found to want something 
of perfect rotundity on the side turned farthest 
from the Sun. 

Observations made at the oppcyition of a planet, 
and, when possible, near the conjunction, are 
valuable, because the planet is then seen from the 
Earth in the same place it wpuld be seen in from 
the Sun ; that is, the geocentric and helipcentric 
places, either coincide, or differ exactly by 180 
degrees. 

• 

164. The superior planets are not always pro- 
gressive, or do not always move froin west to 
east ; but, like the inferior, they become station- 
ary, and also retrograde. They are progressive 
at the conjunction, and for a considerable distance 
on each side of it : they are retrograde at the op- 
position, and at certain points l^etween, are station- 
afy, passing gradually frqni one of the^e states 
to another. 

fl. Thus Mars, when he emerges from the Sun^s rays, 
a few days after the conjunction, and is seen to 
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flse some minutes before the Sun, is found to be 
progressive ; that is, lib right ascension, if obser- 
ved from day to day, continually increases. The 
right ascension of the Sun^ however^ increases fas- 
ter, so that Mars i^ecedes from the Sun toward the 
west, though hb real motion, with respect to the 
fixed stars, is toward the east 1 he motion, how- 
lever, is continually growing slower^ and at the end 
of a year nearly, his angular distance from the Sun 
being then between 136'^ and 137^, he becomes sta- 
tionary, antf is without any sensible motion for a 
few days; 

His moiioii ttied befcoihes retrograde, br toward the 
west, and continues so till he is ISO^ distant from 
the Sun^ or in opposition, so as to be on the meri- 
dbn at midnight. His retrograde motion is then 
swiftest ; it afterwards becomes gradually slower, 
add ceases altogether when the planet has -agtiin 
come to be between 136° and 137° dbtant from 
the Sun on the other side, ^he motion of Mars 

» becomes then progressive, and continues so till the 
eonjynctidn, and beyond it> iil the manner just de- 
scribed. 

b. The same is true, \Vith certain variations, of all 
the other planets. The longer the period, and the 
ihore distant the planet from the Sun, the longer 
the time, and the smaller the arc of retrogroda- 

• tion. 

■ 

i, 3 For 
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For the six principal planets, these ares are exhl^ 
bited in the annexed TaUe, according to their 
mean quantities. See La Laitde, § lldg. Also 
Bioi, § 97. vol. HI. 



tABLfi. 





Klongation,- 


Arch of Re- 


Time of Be- 


Synodic Re- 




when sta- 


trogradatioii. 


trogndabon. 


volutioii. 


■ 


tionai;y. 


■ • 


■ 




Mercury, 


18<^.00' 


130.30' 


23 day*. 


118 davs. 


Venus, 


28 .48 


16 .12 


42 


584 


Mars, 


136 .48 


1^ .12 


73 


780 


Jupiter, 


115 .12 


9 .54 


121 


399 


Saturn, 


108 .64 


6 .18 


139^ 


378 


Uranus, 


103 .30 


3 .36 


151 


370 



165. The apparent motion of aa object is affec- 
ted by the motion of the spectator j and if there is 
not a certainty that he is at rest, when the motion 
of the former appears extremely irregular, it is na- 
tural to inquire, whether any motion that can rea- 
sonably 
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^bhabiy be ascribed to the latter, will explain the 
irregularities observed. 

jn the present case, there is not a certainty that the 
spectator^ (or the Earth), is at rest : the want of 
any information of his motion from terrestrial ob« 
jects affords none, as, according to a principle al- 
ready explained, the motions of bodies among 
one another, are nowise affected by any motion 
which is common to them all. 



liS6. When a spectator moves, without being 
sensible of it, he necessarily transfers his own md- 
tion to the objects around him, estimating it in a 
direction opposite to that in which he has actually 
moved. 

Suppose aii object to move from A to B,' (fig. 18.), 
while an observer, unconscious of his own motion^ 
is carried from C to D. From B draw BF equal 
and parallel to CD, but extending from B the op- 
posite way that CD does from C, and join AF ; 
AF will be the apparent path of the body, and P 
its apparent place, at the time when the spectator 
is really in D, and the body in B. 

If the velocity of the observer had been the same, 
but iii an opposite direction, CD', BF' being 
drawn = BF, but opposite to it, the apparent mo« 
tion of A would have been in the line AF', 

1. 4 This 
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Thii^ is evident, because CF is equal to DB, and( 
makes the same angle with CD. ' 

Hence it is evident, that an object, without being 
really at rest, may be apparently so, if the observer 
IS in motion, and may even acquire an apparent mo- 
tion, id a direction contrary to its real. Thus al- 
so the observer and the object both moving with 
perfect regularity, both describing concentric 
circles, for example, with uniform velocities, and 
directed the same way, the one may become sta- 

. tionary in respect of the other, and even acquire a 
nation in an opposite direction. 



167. Suppose d to be the distance of a planet 
(imagining it to describe a circle round tbe sun) 
from the sun, or the radius of its orbit, ^nd c the 
elongation from the sun, at which it appears sta- 
tionary, the radius of the circle in which the ob- 
server must move, in order to see the planet sta- 
tionary at that elongation, being called x^ is found 

from the equation x'^ -^ d x zz rf* cot* e ; or 



x=' d + -^\/ 1 4-4cot^e 



a. This follows from what Keil has demonstrated ia 
bis Astronomy, Sect. 27. j LEnoiiiER, Institutions 

J^tronomique»f 
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jtatronomtquesi p. 585. La Lande has simplified 
' the demonstration, § 1188. See also Biot, vol. in. 
p. 181., Note. 

^ If, by help, of the above formula, we inquire, suppo- 
sing the Earth to revolve' in a year round the Sun, 
and Mars in 686.98 days, what must be the ratio 
of the distance of the Earth to the distance of Mars 
from the Sun, in order that the latter may be sta- 
tionary at the elongation of 136* ? we shall find it 
to be that of 1 to 1.53, which is the ratio deduced 
from other phenomena. 

u. Not only are the stations thus explained, but the e:2t* 
tent of the arches of progression and retrograda- 
tion also. This coincidence affords a strong pre- 
sumption in favour of the system of the Eartb^s 
motion, or that which, from the name of its dis« 
coverer, is called the Copernican System. 

L The same holds of Jupiter, Saturn, Uranus. The 
same motion of the Earth, and the same distance 
from the Sun, will account for the phenomena in 
all the cases ; so that whatever probability there is, 
from the phenomena of one planet, in favour of the 
Earth'^s motion, the same is increased in a quadru- 
plicate ratio, from considering the phenomena of all 
these four superior planets* 

?. The two inferior planets, give a similar increase of 
evidence. The four new planets are not taken 

into 
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intd account, as the times of their stations, Sx» 
may not yet have been sttffid^ntly determined hf 
observation. 

jfi On the strength of this evidence, we shall assume tb^ 
motion of the Earth as a fact, and try whether it i^ 
consistent with the other phenomena of the plaae-^ 
tary motions. 



dtbits of the Planets. 



168. If a planet be observed twice in the same 
node, the node in the interval being supposed to 
remain fixed, the position of the line of the nodes 
may be determined, and also the distance of the 
planet from the sun at the times of observation. 

ii. Let a superior planet be observed in its node 
N, (fig. 19.), from the Earth at E, and after the 
planet has made an entire revolution, and returned 
to the point N, let the Earth be at E'. Then, 
from the time, arid the construction of the Earth'*s 
orbit, EE' is given, and the angles SEE', SE'E. 
But the angles SEN, SE'N, are known by obser- 
iatioQ ; therefore the angles EE'N, E'EN, as also 

the 
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tfae base EE' ; and the sides EN, E?!, are gi- 
ven. Hence, from either of the triangles ESN, 
lEfSN, SN is found, and also the angle ESN, or the 
heliocentric place of the node. Gregory^s Astro^ 
wmy^ Book in. prop. 19, Wolfii, Elem, AsU 
§ 777. Thus the periodic time of the planet is^ 
determined, and also its mean motion. 

b* When observations of this kind are made at a consi- 
derable distance of time from one another, it it 
found that the nodes of every planet have a slow 
motion retrograde, or in a direction contrary to 
the order of the signs. 

169. The distance of a planet from the Sun, 
and its heliocentric place^ or its longitude as seen 
frotn the Sun, may be determined by observations^ 
made at the time of its opposition to the Sun. 

If E (fig. 20.) be the Earth, S the Sun^ P a planet, 
• O its place reduced to the ecliptic, SN the line of 
the nodes ; the points S, E, and O are in the samc^ 
straight line, because of the planet^s opposition tor 
the Sun^ and the angle ESN, that is, OSN, is 
known from the last problem ; therefore the angle 
PSO or PSE, the heliocentric latitude, is also gi- 
ven. The angle PEO, the geocentric latitude, isr 
also given by observation, and the base £S, fronv 
llie theory of the jblarth^s motion ; therefore SP, 

or 
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or the planet^s distance from the Sun, i» fotina; 
T^he position of PS, relatirely to NS, is also tiiii^ 
determined ; for, in the right-angled spherical tri-' 
angle, of which the base is the arch that mea- 
sures the angle OSN, and the. perpendicular tbe 
arch which measures the angle PSO^ the bypothe-* 
nuse is the measure of the angle PSN, which the 
radius vector makes with the given line SN. 

b. Thus also, £P, the planet^s distance frmn the 
Earth, is found. If, then, by observations made 
a little before and after the opposition, the diur-^ 
nal motion of the planet in its own orbit, relative^ 
ly to £, be determined, the same may be found re- 
latively to S, being to the other in the inverse ra- 
tio of SP to EP, 

When many oppositions of a planet are thus obser- 
ved, many different radii of the planetary oii)its 
are determined, as well as the angular motions 
corresponding to them. 

1 70. It appears,- on laying down the radii de- 
termined as above, that the orbits of the plaiiets 
are ellipses, having the Sun in their comnaon fo- 
cus ; and that the angular motions of a planet 
round the Sun, are inversely as the squares of its 
distances from the Sun ; so that the sectors de- 
scribed by the radius vector, are proportional to 
the time* 



ASTRONOMY. 173 

Th^se two propositions, which have already been 
shewn to hold of the Earth^s motion, are therefore 
common to the motions of all the planets. They 
were discovered by Kepler, and were first found 
out by him, with infinite ingenuity and labour^ 
when he was endeavouring to determine the orbit 
of Mara, 

171. When the focus of an ellipse, and three 
points in its circumference, are given, the ellipse 
may be described ; and hence the planetary orbits 
may be determined, that is, the axis, the eccen- 
tricities, and thence the equations to the centres; 
&c. 

The application of this to find the three ElemenU 
of an orbit, the Eccentricity, the place of the 
Aphelion, and the Epoch, or radical mean place, for 
.a given time, is in La Lande, 1288, &c. Als^ 
Vince's Astronomy^ vol. i. § 267. See also Neit- 
TONU Prin, Math. lib. Imus, prop. 21. ScboL 

172. When the mean distances of the planets 
are compared, and jalso their periodical times, it is 
found that the squares of the periodical times are 
98 the cubes of the distances. 

This great general fact was also discovered by Kep- 
iiER, and is the third of the laws that bear hit 
fiame. 

173. When 



m 
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173. When the elements of the orbit are foun4 
from observation, at periods considerably distant 
from one another, the line of the apsides of eacb 
of the planets is discovered to have a slpw motion 
forward. 

La Lands, § 1309, 8(c. 

The Elements of the Orbits of the different Planets 
are given in the annexed tables. 



1. 





Inclination of 


Long, ascend- 


Secular motion 




the Orbit to the 


ing ;Node fbr 


of tiie Node. 




Ecliptic for 


180L 






1801. 






Mercury, 


7" C 1" 


46° 67' 31" 


— 13' 2^ 


Venus, 


3 23 32 


74 62 52 


— 3110 


Mars, 


1 11 6 


48 1 30 


— 3848 


Juno, 


7 8 46 


103 1 




Vesta, 


13 3 29 


171 6 38 




Ceres, 


10 37 34. 


80 1 3 




Pallas, 


34 37 8 


172 32 36 




Jupiter, 


i 18 43 


98 25 34 


— 2617 


Saturn, 


2 29 38 


111 55 27 


— 375* 


Uranus, 


46 26 


72 51 14 


— 5957 



II. 
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1^ 



II. 



■ 






* 




Syderial Revo- 


MeanDis. 


Eceentricityf 




lutions. 


tances. 


the mean Di«- 








tanoebeingl. 


Mercury, 


87d.9692 


0.38709 


0.20561 


Venus, 
The Karth, 
Mars, 


224 .7008 


0.72333 


0.00685 


365 .2564 


1. 


0.01685 


686 .9796 


1.52369 


0.09313 


Juno, 


l.%'3,5 .205 


2.373 


0.09322 


Vesta, 


1590 .^98 


2.66716 


0.25494 


Ceres, 


1681 .539 


2.76740 


0.07WW 


Pallas, 


1681 .709 


2.76759 


0.24538 


Jupiter, 


4332 .5963 


5.2(te79 


0.04817 


Saturn, 


10758 .9698 


9.53877 


0.05617 
0.04667 


jLTranus, 


30688 .7127 


19.18330 



» 



I??r 



/i 



T J.* 



iV;-'-v '^ 
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III. 



s ;^t 



f I 



» , - 1 * 
• 1 




-' '- 1 
1 1 


• 




Mean Longi- 


Mean Longi- 


Seculfti* vir. 


1 ■ 


tude of the 


tude of the Pe- 


Perihelion. 




Planets, 


ribeiion. 


* '.■■•' 


* • ■ 


1st Jan. 180L 






Mercury, 


166° C 48" 


74° 2146* 


9*43" 


Venu^; ^ 


11 33 16 


128 37 1. 


4:28 


barth. 


10039 lb 


99 30 5 


19 39 


Mars, ' 


64^ 67 1 3^ 24 it 


26 22 ' 


Juno, 


890 St 16 


63 IS 41 


' 


Vesta» 


267*31 49 


240 43 o: 


! ■ 


Ceres, 


264 SI 34 


146 39 39 


* 


Pallas, 


262 43 32 


121 14 1 




Jupiter, 

a 


11216 7 


1 1 8 36 


11 4 


Saturn, 


136 21 32 


89 8 68 


32 17 


Uranus, 


177 47 38 167 21 42 


1 4 



The First of the above Tables gives the inclination of 
the orbits, the position of the line of the nodes, and 
the secular motion of the nodes for all the planets. 
The sign minus ^ prefixed to the motions of the 
nodes, signifies that they are retrograde. The in- 
clinations of the orbits of Vesta, Ceres and Pallas, 
are greater than those of the other planets ; and 
the orbit of the last goes far beyond the zodiac. 

The 
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^iie secular yarialioiis of the nodes Joi* tliese inree 
|)lanet8, and for Jiino, have hot yet been dmrmi* 
hed. 

The Second Table, givei the times of the syderial re- 
Yolutions in days; the mean distances from the 
Sim, or the semitratisyerse azH of tHe orbits, on 
the supposition that the meih distance of the 
Earth is 1 ; also the eccentricity of eac^h orbit, 
supposing the semitransverse of that prbit to 
be I. 

The Third Table, gives the mean longitude of eac^ 
planet for the 1st of Januaiy 1801, to the meri« 
dian of Grtenfirich ; dlso the mean longitude of th^ 
perihelion j or lower apsis of the orbit, with the se- 
culalr variation. See Exposition du Systeme du 
MoHdCf Sfi^ edi Biot, totn. in. § 29^ Wood* 
iiouss, Aat. p. Sto. 



Vol. 11. M Jlotation 
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Rotation of the Planets. 

1 76. Four of the planets, Venus^ Mars, Jupiter 
and Saturn^ when examined with the telescope, 
appear to revolve on axes, in the same direction 
in which they revolve in their orbits; the axis 
of each remaining always parallel, or nearly pa- 
rallel, to itself. 

«• This conclusion is derived from the motion of certain 
spots, which are distingubhed, by the colour or iir- 
tensity of their light, from the other parts of the 
planetary disk! In this way the time of rotation 
is also determined, as in the case of the Sun, 
(§ 117). 

b. It is thus found, that Venus revolves in 23*» 21 "^O^^ 

on an axis which makes a very small angle with 
the plane of the ecliptic> This was first obsenred 
by the elder Cassini. La Lanoe, § 3341. 

c. Mars revolves in 1 day 39 minutes, on an axis incli- 

ned at an angle of 59° 42' to the ecliptic. 

ih Jupiter revolves in 9^ 56"*, on an axis nearly pefpen* 
dicular to the ecliptic. 

e. Saturn revolves on his axis in lO^ 16°*. 

lliougli 
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j. Though Mercury is too much immersed in the Sun''s 
rays to allow points of unequal splendour to be ob- 
served on his surface, yet certain periodical inequa- 
lities, observed in the tloms of the disk, seem to 
indicate a revolution on an axis. 

Of the other planets, tJranus is too distant, and Ju- 
no, Vesta, Ceres and Pallas, too small, to admit of 
any observation from which either a revolution on 
an axis> or the contrary, can be inferred. 

177. Jupiter, Saturn and Mars, are compressed 
kt the poles, or the extremities of the axes of revo- 
lution, in the same manner with the Earth, 

a. The compression of Jupiter amounts to a fourteenth 
part of his longer diameter ; that of Saturn to an 
eleventh. 

k Mars, according to the observations of Dr Her- 
scHELL, is compressed at the poles, so that his 
equatorial diameter is to his polar axis ns 16 to 15 
nearly. Phil. Trans. 1781j p. 134. and 1784, 
f. 269. La Lande, §3343. 

178. Some appearances indicate the existence 
t£ Atmospheres surrounding the planets Jupiter, 
Mars and Venus, but are not sufficient to esta- 
blish the fact with perfect certainty. 

VxNCE, § 400, 8:c. Biot, torn, in. § 37, &c. 

M 2 Sect. 
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Sect. X. 



OF THE SECONDARY PLANETS. 



179. JfUFiTER, when viewed through a telescope^ 
is found to be accompanied by four small stars, 
ranged nearly in a straight line, parallel almost to 
the plane of the ecliptic ; and occasionally on the 
same, or on opposite sides of the planet. 

a, Sometmies these small stars pass between us and Jib« 

piter, and their shadows are theft seen traversing his 
disk. Hence, it is evident, that both Jupiter and 
they are opaque bodies, which derive tfae^ light 
from the Sun. 

b. Jupiter, accordingly, projects behind him ^ a conical 

shadow, in which the little stars just mentioned 
are often immersed; so that they.disiqppear, and 
are ecKpsed, as the Moon is, by*falling into the 
shadow of the Earth, ^ 



e. 



Hence these little stars are to he eonaiddretf at 
linodns^^ which 4;irculate ^ound Jupiter y and as they 
are always observed to move eastward, wbi^n they 
are eclipsed, and w^tward when they pass over the 
disk, it is evident, that their motion is progressive^ 

or 



or in the same direction with the motion of tlie 
planets round the Sun. 

', The stars which thus circul&te round another planet, 
are called Satellites ; and also Secondary Planets ; 
those that revolve immediately about the Sun, 
being distinguished by tlie name of Frimary. 

The Moon is therefore a secondary planet; but has 
been treated of before the primary planets, because 
her motions are conspicuous, and very useful fgr 
explaining the general phenomena of the heavens. 
The satellites of Jupiter were discovered by Ga- 
lileo, in 1010. Nuncius Syderius, Florenlia, 
1611). 

'180. The distances of the different satellites 
tin Jupiter, are nearly in proportion to the 
[gles which these distances subtend from the 

Earth, when the satellites are at their greatest 

elongations. 

L The distances are found, on this principle, to be nearly 
in the ratio of the numbers 6, 9, 15, and 26. The 
satellites are called Fintt, Second, Sic. in the order 
of the dlsttmces, beginning from that which ia near- 
est to Jupiter. 

L'The moments of greatest elongation, and of the be- 
ginnings and ends of eclipses, are almost the only 
times at which the satellites have been observed ; 
and it is thence, that with much ingenuity, and in- 
JM3 credible 
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credible labour, a complete theory of their motiooi 
has been established. 



181. The time from the middle of one eclipse 
of a satellite, to the middle of the next, is the 
time of its synodic revolution, and is equal to the 
time of its revolution round Jupiter, increased by 
the time which it takes to describe an arch of its 
orbit, equal to the arch which Jupiter has descri- 
bed in the same time round the Sun. 

a. The synodic revolation of a satellite is subject to va- 
riation, as the rate of Jupiter^s motion, in his or- 
bit, is not uniform. The greatest equaticm of Ju- 
piter'^s orbit is 11° 8' 2"; and the time of the first 
satelHte'^s moving over an arch equal to this, is 
39m 2g8 . QQ J sQ much, therefore, may the synodic 
revolutions of that satellite differ from the mean. 
Those of the 4th may differ 6^ ISf™ from the 
same cause. Vince, Ast. vol. i. §419. L4*l«AirDB| 
Jst. § 2925. 

182. The synodical revolutions of the -same S2|-. 
tellite, are subject to an inequality, depending on 
the distance of the Earth from Jupiter. 

a. When the Earth i$ nearest to Jupiter, pr at the. time 
of Jupiter'^s opposition ip the Sun, if the synodic 
revolution bp n, the successive eclipses should hap* 
pen at the intervals n^ 3 n^^ 3 n^ &c. reckoning from 

" thp 
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the first. But they are foiiiKl to happen later thaa 
those intervals, by quantities which increase pro- 
gressively, till near the conjunction, when the 
Earlirs ilistance from Jupiter is the greatest. 
From this time to the oi»posUiem again, tt series of 
anticipations takes place. Just equal to the former 
retardations, and in a reverse order, so as to bring 
back the eclipses near the opposition, to the time 
at whieh they would have liappened if Donviof 
those inequalities had taken place. '_^t, 

'>. The amount of the retardation, from the opposltfbili 
to the conjunction, is 10m 26^ nearly. The inequa- 
lity ia the same in all Uie satellites. For Lhe.fint 
satellite, n — i2 hours nearly. 

183. The inequality just described, is complete- 
fly explained, by supposing light to be propagafsJ 
Fjn succession, and with a velocltv by which it pas- ' 
les From the Sun to the Earth in S^ I3"«. 

Cassini and Maraldi discovered this Inequality in the 
first satellite, and the explanation just mentioned 

» occurred to them, but was* rejected, because it 
^'iiDpUed the existence of tlie same Inequality 
in the other satellites, which dill not appear from 
their observations ti) he true. 1\Iarai.d( also ob- 
jected to this explanation, that, if just, the inequali- 
ty must be alTected by the eccentricity of Jupiter's 
orbit. The explanation, however, was revived 
by RoEJiER in ItiT'l', and the incqiialilv was shewn 
^1 1. ' bv 
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bj Hallet to belong to all the satellites. |t IimI 
also been found, that the eecentridty of Jupiter'al 
o[i>it does affect the inequality in question. Mr* | 
LAirDBBBJELM, Jstrott. rol. II. p. 564. 

184. The samg law connects together the periodB 
of the satellites, and their mean distaiicft from Ju- 
piter, which connects the periods of the planets, 
and their mean distances from the Sun ; that is, 
jbc sqiiares of the former quantities are 9s ttje 
cubes of the latter. 

NawTONi Princip. ifath. lib. iii. prop, 17. 

185. The mean motion of the first satellite, add- 
ed to twice the mean motion pf the tljird, is equal 
to three times the mean motion of the second. 

a. It tii, m", tn", are the mean motions of the firtt, sa. 
cond, and third satellite of Jupiter, 

m' + 3m"' = 3m''. 
h. Also if L', L", L"', are the longitudes of these m- 
teUites, I/— SL" + 2L"'=180°. Mcckaniqw 
CetaU, torn. 1. p. Si2. 



i 



)8fi. The orbits of the satellites are not in the 
-ame plane with the orbit of Jupiter. 

This appears from the juration of the eclipses of tKe 

same satellite, when compared with one another. 

The 
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The Table of their InclinaUons will he afterwards 
given. 



187. The first satellite has been found, from 
observation, to have an inequality, which, mea- 
sured by time, is 3" 30"", varying as the sine of 
satellite's distance from a certain point in its 



f 



Wargentiv found out this inequality (rora observa~ 
tiun. ViNCK, Aslron. vol. i. § 431 • 



188. The second satellite is subject to an ine- 
quality of 16" SO** in time, having its changes in- 
cluded in a period of 437 days. 

(t. The period of 437 days, is also that In which the first 
three Mtellttes return to the same situation in re< 
•pect of Jupiter. 

The third satellite is subject to an inequality nearly 
of the same amount, and circumscribed by the same 
period. This is also from the obserirations of War- 



I 



189. The orbit of the fourth satellite is sensi- 
bly elliptical ; the equation of the centre i;; 50' 20* 
nearly, and the place of the higher apsis in 1700 
was iO«29° 2ii'; the longitude of the sja-lhti be- 
jng7M7' 18'2". 

From 
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tf. Trom amdogj we may conclude^ with considerable 
probabHitj, that the orbits of all the satdlites are 
either circles or ellipses. 

h Dr HERScaEi(.L has observed, that the same satellite 
is more luminous at one time than another, and tJut' 
the period of these change^ is for each satellite the 
same with tKe time of its revolution about Jupiter; 
hence he' has inferred, that the satellite also revolves 
on its axis, in the same time that it revolves about 
Jupiter. 

This is also the kw of the Moon^s rotation, § 132, 

190. 1* he beginning or end of an eclipse of a sa- 
tellite, marks the same instant of absolute time to 
all the inhabitants of the Earth, and raay there- 
fore be employed for finding thf longitude, ia the 
same way with an eclipse of tjii^ Mprp, § 67, an4 

a. The immersion of a satellite into the shadow of Ju<r 
piter, and its emersion from it, are'inst^fs more 
precisely defined than the beginning or end of a lu- 
nar eclipse ; and ther fore the longitude Is more 
accurately found by the former. The coniparjson 
may either be made between the observation and 
the Tables ; or between it and another observation 
made under a known meridian. 

ff. The first satellite is the most proper to be observed, 
its motions being best known, and its eclipses re- 
curring most frequently. 

Astronomer?^ 
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L Astronomers, who would compare their observations 
of these eclipses, should be turnUhed with tele- 
scopes very much alike in distinctness and magni- 
fying power. The greater perfection of the tele- 



scope 



will a 



clhe 



later, and the emer- 



sions earlier. On the whole, it Is best [o employ, 
as De Laubhe advises, telescopes of moderatf 
power. Abrcge ^Astroit. te^on 32. § 14. 

t The apparent instant of immersion or emersion, will 
also be affected by tlie proximity of Jupiter to the 
Earth, and by the altitude above the horizon. M. 
Baii.ly has given rules for correcting the effects 
arising from all these circumstances. See Theorie 
des Salelliles, par M. Baillv. Also Mem. Acad. 
EoycU des Sciences, 1771 ; and Phil. Trans, vol. 
j,xiu. La Lasdb, § 3047. Visce, vol. i. § 460. 



191. By observing the time required by the sa- 
Itllites 10 enter into the shadow, the angles which 
fheir diameters subtend at the centre oF Jupiter 
may be computed. 

According to Whistox, the first satellite employs 
ImlO'; the second, 2"i20s the third, 3"40*; 
and the fourth, S™ SOa, to enter completely into the 
shadow, when they enter it perpendicularly. La 
Lande, § 303S. From more accurate observations, 
M. Baiixy computed their diameters, as seen 
frpm Jupiter, the first, 60' 20" ; the second, 
29' 42'^ ; 
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29^43'; the tbiid, 22^28''; and tbe fataiht 

9 3sr. 



I . . 



192. The planets Saturn and Uranus have also 
^tellites ; the former seven, and 7f He latter- six ; 
which, with the Moon, make eighteen secondary 
planets in the solar system. 

a. The fourth of tbe satellites of Saturn was the first 
disGorered ; it was seen by Huygens in 1655. 
The first, second, third and fiflh, were discovered 
by Camini, between the years 1671 and 1684. 
Other two satellites, whi^h weajHf^pl^operly call the 
sixth and seventh, though they are nearer to Sa- 
turn than any of the rest, were discovered by Dr 
Herschell in 1789. 

193. The connection between the periodic times 
and the mean distances of the satellites of Saturn^, 
is the same as in the satcUites of Jupiter, and in 
the primary planets. 

a. The fifth satellite disappear regularly for about one- 
half of the time of its revolutioii round Saturn ; 
and hence Nbwtok concluded, that its revolutioD 
on its axis is of the same, duration with its re- 
volution round Saturn. Prineip* Maih^ lib. iii. 
prop.' 17. 

J 94- The 
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194. The sis: satdlites of UtanuS| have tbeir or<- 
bits nearly in one plane» at right angles to the plane 
of the orbit of the planet. 

iu These satellites were discovered by Dr Herschxll, in 
1807 and 1808. 

b. The plane in which these satellites move, passes twice 
in the year through the Sun ; and at those times 
there may be eclipses, but they cannot be seen un- 
less Uranus be near his opposition. 

Eclipses of the satellites of Uranus were visible in 
1799, and they wiU be visible again in 1818, 



iiing of Saturn* 

195. Saturn is surrounded by a circular ring« 
Concentric with himself, which, being seen 
obliquely, is of an oval or elliptic form, and shines 
with the same light as the planet 

a. If we suppdse the radius of Saturn, at his mean dis- 
tance, to subtend aa angle of 9% the interior dia- 
meter of the ring, supposing it circular, will be 
15", and the exterior 21", leaving a void of 6" be- 
tween the planet and the ring, and the same quan- 
tity for the breadth of the ring. Stars have been 

obeerverf 
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observed betweeti th<^ ring and the planet. Saitu^s 
Optics. D£ LA LANDie, toin. iii. §3393. 

h* The plane of the ring is in ihe plane of the^ equnito^ 
of Saturn ; it is inclined to the o^bit of the jdanet, 
nearly at an angle of 30^, and remains always pa-* 
rallel to itself. 



1 96. When Saturn is in the longitude of 5" 20^^, 
px of 11* 20'^ the plane of the ring passes through 
the Sun, and the light then falling upon it edgC"- 
tvise, it is no lohget visible to us. 

4r. This disappeai'ance of the ring has beeti often obsei^- 
ved. La Lanoe, § 3354. 

The disappearance of the ring from this cause, lasts 
only a few days; for when Saturn has passed the 
node of the ring three or four minutes, or the Sun 
nas risen above its plane by that quantity, the rin|| 
becdmes visible. 

197. The ring also disappears, when its plane 
passes through the Earth ; for its edge, or its 
thickness, being then directed to the eye, and be- 
ing too fine to be seen, the planet appears quite 
round. 

^ In this case, the Earth requires to be elevated above 
the plane of the ring, at least half a degree before 
ihe ring is seen, which makes it continue invisible 

seven 
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. <Mten 0r eight days before aai Ml^.tkf fsUs^e 
of the Earth tb€00|^ i^ jphi|ie« .1 >j : > > 

L This is Tvhat happens with ordinary telescopes ; bui 

with the forty foot reflector of Dr:H|cAacH£)»^ Ihe 

, xjfig 4o^ not cease to be viiible^ . Th^ Dofstpr s^W 

. th« satellites along the margii^ of the ripg^ ]|k€ 

Ji)right beads threaded on a string. 

■ !.■■■' ' •■;■ 

198. There is a third cause of the disappearance. 

<if.the ring^ vizi the Eatth being placed on the 

side of the ring that is turned from the Sutt.' 

ilie ring ttmj on these accoimis disapfMitt livide hi 
the same year. •.. . 

La LanoE) 3357. Op^tscula ,o{ B^COyi^cHf torn. v« 
Also SfJouA, An'Heau.^ Sixfurfie. 

199. The ring is divided into two by a dark 
line going all round concentric with the outer and 
inner' circles. 

«. This was first observed by Cassini, Mhn, Acad, dot 
Sciences^ 1715. Short, with his twelve feet re- 
flector, observed the same ; as Dr HERscHEUi has 
also done. 

i. To Dr Herscbell, and some other observers, it ha« 
appeared thnt there arc more of these lines than 
ane. 

It 
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It mgffMn, therefore^ that there are reaDj Mo cdH- 
lUric rings, or perhaps mora. 



900. The ring levolTes on an axis mt right 
tagles to Its own pfamc nearly, in the same time 
with the planet itself, or in a little more than ten 
hours. 

This obsenratioii we also srwe to Dr HaascnEu.. 

a. The time of the revrivtioa of the ring is .437 of • 
day, or 10^ 89» 17*. 

h. It IS rcmarfcaUe, that if a satdHte at the mean dis- 
tance of the middle of the ring, rerolTed round Sa- 
turn, and obeyed the law of KvPLEa in respect of 
the other satelfites, it would rerohr^ exactly' in 
10^ 89" 17*. BioT, jMi. Pkys. torn. m. p. 96. 



izcr^ 
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Sect. XL 



■■- * A». 



. . .■»-■■■ • ■ 

OF COHEt^. 



4K91. A cMiET is a luminous body, which appears 
in xht heat^ElB oidy fcnr^k Iknited time, setdoni' ex- 
ceeding a few months ; during which, 4><!s$de the 
ditltiud motion, of which it partakes in common 
with the other heavenly bodies, it ha^ always a 
.mptipn pecuUar to itsj^, by ^hiel;! itchaii|[es its 
fjdaoe amoiig the .fix^d 8tar9^ . Its appearance is 
usually that of .a coUectioft of vatpbiir; in the 
cehtre of which is a nucleus, for the most part, but 
indistinctly defined. 

In sooie Comets, the peculiar motion is progressive, 
ki others retrograde. In the same comet, the 
moticn is all dearly in one plane ; but in different 
Ccmels, these planes make all different angles with 
the ecliptic. At the beginning and end of the ap- 
pearance of a Comet, it deviates from the plane in 
which the middle part of its course lies. Newton 
de Systemate Mundt, § 59. The Comets have no 
parallax, and are therefore certainly beyond the 
limits of our atmosphere. 

Vol. II. N 202. A 
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20S. A Comet, when it first appears, is usually 
surrounded by a faintly luminous vapour, to which 
the name of Coma has been given. As the Co- 
met approaches the Sun, the coma becomes more 
bright, and at length shoots out into a long train 
of luminous transparent vapour, very much resem- 
bling a sireamer, and in a direction opposite to 
the Sun. This forms the Tail of the ComeL 

As the Comet retires from the Sun, the tail gnMrs 
less, and resumes nearly its first appearance. 
Those Comets which never come very near the 
Sun, have nothing but a coma 6r nebulosity round 
them during the whole time of their continuance. 

The tail is always triansparent, so that the stars are 
distinctly seen through it, as they are even said to 
have been in some instances through the central 
part, or what was supposed the nucleus oi the Co- 
met. 

The length and form of the tail are very various. 
Sometimes it is only a few degrees, at others it it 
more than a quadrant. In the great Comet which 
appeared in 1680, the tail subtended an angle of 
70° ; in that of 1618, an angle of 104^. 

The tail sometimes consists of diverging streams of 
light ; that of 1744 consisted of six, all proceeding 
from the head, and all a little bent in the same di- 
rection. 

The 
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The Comet of 1811 was remarkable for its beauty. 
The tail was composed of two diverging beams of 
faint light, slightly coloured, which made an angle 
jfrom 15° to 20°, and sometimes much more, and 
were bent outward. The space between was com- 
paratively obscure. JhrigS it^AsL par He Lambre, 
Lefon2l.§S7: 

203. A Comet remains so short a time in sight, 
and describes so small a part of its course within 
our view, that, from observation alone j without 
the assistance of hypothesis, we should not be able 
to determine the nature of its path. The hypo- 
thesis most conformable to analogy is, that the 
Comet moves in an ellipsis round the Sun placed 
in one of the foci, and that the radius vector from 
the Sun to the Comet describes areas proportional 
to the times; 

As the ellipse in which a Comet moves is evident- 
ly very eccentric, it will coincide very nearly with 
a parabola, at its vertex, or for all the time that a 
Comet remains in sight. 

£04.- If it be supposed that the Comet describes 
an ellipsis or a parabola, in conformity to the 
laws of Kepler, then from three geocentric pla- 
ces, known by observation, the orbit may be de- 
termined. 

The first solution of this problem was given by New« 
TON, Princip. lib. in. prop. 41. He calls it Proble- 

N2 ma 
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ma longi d^ficittimum, and it maj, tbidrefbre, 6^ 
'i^adSj believeij, that the soliitidn does %dt falf 
within the limit's of an elementary treatise. At 
the same tim^, a very siropfe geometii^ problem 
is the foundation of it. Artih. Tftiiveradlis. The 
determination of the orbit implies that of tbe five 
quantities^ which are its elements : 

1. The inclination of the orbit. 3. The posftibb of 
the line of the ndd^s. 3. The longitude of the ]pe^ 
rihelion. 4. The perihelion distance from the 
Sun. 5. The time when the Comet is ia the fte- 
lihelion. 

If EWTdN^s solution being a laborious and indirect a{^ 
proximation, the problem has been attefnpt^ by" 
many others. 1*jl Caille, Astron. § 775^ &q; 
BoscovicH, Operctf tom. iii. p. 14. &c. The lolu^ 
tions of BoscovicH and La Place are ilhut^i'ated by 
Sir H. Englefield, in his Determination of the Or^- 
hits of Comets f Lond. 1793. 

La Lande has given a raeehanical consfiraction, that 
serves for finding the orbit nearly, § 3187.; it is 
followed by Vince, § 653. Lambert has demon« 
strated some remarkable properties of the orbits of 
Comets, in a work entitled Insigniores OrKta'Co* 
metarum proprietates^ Aug. Vind. 1761, 8vo. See 
also. La Grange, Mim, de Berlin^ 1783. 

The most perfect solution of all is supposed to be that 
of La Place, Mechanique Celeste. 

The 



ASTRONOMY. 197 
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Tb^ U^testy apd in practice ope of the best, is 
that of J)e liAM^RE, Jfmlijsi JCAstron. Lefon 31. 

205. The only Comet which is known \yith ab- 
fiolute certainty to have returned, is that of 1682, 
which, conformably to the prediction of Dr Hal- 
J.EY, appeared in 1759. 

JM^ H4LLEY was led to this prediction by observing, 
that a Comet had appeared in 1607, and another 
10 1531, and that the elements of their orbits, 
when calculated from the observations made on 
them, agreed nearly with those of the Comet of 
1682, the peried being between seven ty.five and 
seventy- six years. 

Though there can be no doubt that these four Co^ 
mets were the same, they were considerably unlike 
in appearance. The Comet of 1531 was of a 
bright gold colour; that of 1607 dark and livid; 
in 1683 it was bright; in 1759 it was obscure. 
I'ingre', Cometographte^ torn. 11. p. 189. 

The return of some of the other Comets is probable, 
t|;ipM^b not certain. 

The great Comet of 1680, was supposed by Dr Hal- 
ley to have a period of 575 years, and to be the 
same which had appeared a little before the death 
of Julius Cjesar, in the year 44 A. C. ; again, in 
the reign of Justinian, in the year 531 P. C. ; and 

N3 in 
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in 1106, in the reign of Hekrt I. At all these 
periods, appearances of a great and tonible Co- 
met are recorded, but no such observations a^ 
can ascertain the identity of the elemenU. Sytwp^ 
9%8 Astronomic Cometica^ subjoined to Hauet*** 
Astronomical Tables. 



206. The Comet of l680, mentioned above, is 
remarkable for having approached nearer to the 
Sun than any other that is known. At its peri- 
helion, its distance from the Sun was only 777th 
part of the Earth's. It descended to the Sun with 
great velocity, and almost perpendicularly, and 
ascended in the same manner^ remaining in sight 
for fo.ur months. 

When this Cornet was in the perihelion, the diame- 
ter of the Sun must h^ve subtended an angle of 
inore than 112 degrees. See many interesting 
particular3 with respect to it, Princip. tom. in. 
prop, 41 . at the ptd. 

The phenomena of the tails of Comets, shew the ce- 
lestial spaces to be void of resistance. 

Some Comets have come very near the Earth. The 
Comet of 1472, is said by Beoiomontanus to have 
moved over an arch of 120 degrees in one day. 
The Comet 1760, moved over an arch of 41 de- 
grees in the same space of time. As neither of 
);heni could probably have described in its orbit 

morfSi 
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(more than an arch of a few degrees, these extraor- 
dinarj apparent changes of place can onlj have 
proceeded firom vidnitj to the Earth. 

907. It appears that Comets contain very little 
ynatter, and have but a very feeble action on other 
bodies. 

In the year 1454, a Comet is said to have eclipsed the 
Moon ; so that it must have been very near to 
the Earth; yet it produced no sensible effects^ 
The Comets just mentioned produced none. A 
Comet in 1770, came veiy near to the satellites of 
Jupiter, but produced no derangement in the sys- 
tem. 

$08. The number of Comets observed and re- 
corded, with more or less accuracy, exceed^ 

aso, 

Pinore', who wrote in 1783, enumerates 324; and 
32 are now to be added. 

Of these, not so many as a third have been observed 
with such accuracy, as to allow the elements of 
their orbits to be ascertained. The elements of 98 
"^~~ have been computed, going back as far as 837, 
and coming down to the Comet of 1807. See 
Ferguson^s Astronomy 9 (Brewster'^s edit), vol. ii. 
p. 360. 
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Sect. XII. 

OF THE ABERRATION OF LIGHT, AND TRJ NUTi^-; 
TION OF THE EARTH's AXIS. 



Aberration of UgkU 

1?09. If a ray of Light, coming in a straight line, 
gnd with a given velocity, pass through a tube, 
also iwoying in a straight Jine, with a given velo- 
city, and remaining parallel to itself ; the path of 
the ray, relatively to the tube, is the diagonal of a 
parallelogram, the sides of which are proportional 
to the velocities of the Light, and of the tube, and 
in the same straight lines, one of the velocities 
only, being estimated in a direction opposite to its 
own. 

This is evident from the composition of niotion. 

We may conceive what is here supposed, to be actii|' 
oUy the case, with a ray of light coining from a 
fixed star, and passing through a telescope, or a 
tube, furnished with plain sights ; the tube having 
the same motion with the earth in its orbit, which, 
for a short time, may be regarded as rectilineal and 
uniform. The path of the ray in the tube, is 

therefore 



Itberelbre jaoi dirtied to the point from whu^ th^ 
XB^ coqaes, and tbe line of cMimqtion (the line in 
the tube along which the object is yiewe^ must 
be inclined, so as to have the direction of the path 
' ofthe raj, or of the diagonal just mentioned* 

'The angle f;hus contained between the lipe d^awn to 
the object, and the line of the tube in which th^ 
dj^ is seen, is called the Aberratitm. 

I 

J210. When the ipotbn of the tu^e, or of the 
learth, is perpendicular to the motion of the ray, 
the aberration is a rmximumy and is measured bj 
the arch which the earth describes in its orbit, in 
the time which light takes to come to it from the 
sun. 

In & 13^', light inoves oyer the radius of the earth^s 
orbit ; and, in the same time, the earth moves over 
an arch of 3(y'.332, which is therefore the wixir 
mum of the aberration ; and this is found by obser- 
vation to be accurately true. 

211. Every star appears to describe an ellipsis in 
the heavens, of which the true pUce of the star 
is the centre ; the semitransverse axi$, SO^.232, 
in the direction of a tangent to the parallel of 
latitude of the star ; and the semiconjugate axis, 

j2(K.232 X sin Lat. of the star. 

» 

SlMPSON^s Essays, 1740, p. 1. &c. 

If 
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If the star is in the pole of the ecliptic, it describes ^ 
circle, with the radius 2(K'.832, having the pole for 
its centre* 

If the star is in the ecliptic, it describes a straight 
line in that plane, and extending 2ff\23i on each 
side of the star. 

The purposes of practical astronomy require, that 
the change made by the aberration on the longi- 
tude and latitude, and on the right ascension anc) 
declination of a star, should be computed. 

SIS. If L be the longitude of the sun at any 
time, and L' the longitude of a star, the abernt- 
tion of the star in longitude is 

■^ 20^232 X cos (U — h) ^ 
cosXaE ' 

and the aberration in latitude is 

30^.232 X sin (L' — L) sin Lat. 

These formulas were first given by CLAiRAyx. Mem. 
Acad, de Scien. 1737. 

See also Cagnoli, Trig. § 1529. La Lande, § 2823. 
and Db Lambrb, Ast. lefon. 19. § 20, 21. &c. 

213. If A be the right ascension, and D the de- 
clination of a star, L being the sun's longitude, as 

before. 
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t^eforc, the aberration of the star in right ascen- 
sion is 

* 

ir.17 X C03 (A — L) -r O'.eS X !;08 (A + L) 

coiD ' 

• < 

and the aberration in declination is, 
BinD (ly'.lT sin (A-L)-0".83sin (A+L)-8"cos L x cosD) , 

Cagitoli, tbid, 

De Lambrb, ibid. 

From these four formulas, all the effects of aberra^ 
tion may be computed. Tables have been con- 
structed for facilitating the calculations. Vince, 
Aat. vol. I. § 513. & 533. 

The discovery of the aberration was made bj I^ 
Bradley in 1725, from observation alone. He 
has given an account of it, in a letter to Dr Hal* 
LEY, Phil. Trane. JT 406. A very full extract of 
this letter is in Vince-s Astrmi. vol. i. § 503. Af- 
ter obsecration had satisfied him of the changes 
above stated, in the latitudes of different stars ; he 
discovered the cause to be tibe motion of light, 
combined with the motion of the earth, as above 
explained. 

214. From the phenon^ena of the aberration, 
the motion of the earth in its orbit js more direct- 
ly proved than from any other fact in astronomy. 

Though 
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Thougb it is proved to demonstration, from ftcM 
above enumerated, that the Earth is far from being 
the centre of the planetary motions, jet all the ap- 
pearanfiea hitherto mentioned, ^e consistent with 
what is called the Tychonic System of the heavens, 
(from its inventor 7ycho Blabs'), in wbich. the 
su% accppipi|nied bj th^ p^apets, revokes i^ t^,^ or* 
bit round the Earth. This system, which its want 
of simplicity renders suspected, i^ entirely over- 
turned by the fact of the aberration, and the mo- 
tion of the Earth completely established. 

When the aberraticm was first discovered^ it wai 
thought that the velocity of light, ^ inf(»i»d from 
the ec^psea of the satellites of Jupiter, did not per- 
fectly agree with it* It has, however, been found, 
frpm more accurate comp^sons;^ that th^ per- 
fectly coincide. 

* 

815. It appears, that the light of the; heavenly 
bedies traverses the sj^ces between them and the 
earth with the same uniform velocity. 

Th« i^ilftJted Ifeht frpm tb? s^fl^s, travels with 
th?J»8l^ yflo^y wi*b f he 4i|Wt IJgfet frf ^le fixed 
stars ; and the velocity of this last \^ t|^ |^^e from 
whatever distance it comes. 

There is reason to think, that light i& accelerated by 
the action of transparent Vodie^- V spt, thj^se bo« 
dies ^^^ impart to light a velocity in the direction 
pf the earth^s motion, and proportional to the in- 

crease 
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0&^ of vel6€it7 Whicli itiej |>y6il&cb, "becauscf 
'tBfeSr action does hot change the quantity of the 
jib^rratidh. 

^t'€. The frijfertratioto coilsiifcrdl ftt>bte, islirat of 
%4Sxea ttiat, ot of an ihimovatHe bcfdy. In the 
^aA^ rtie're h ahother soiirc6 of aliierra'tion, in 
'&e motioh of the plaiict itself, equal to the varia- 
tion of its geocentric place, in the time that light 
takes to move from the planet to the earthri 

^Hie idttt^est Way 6f inaldng i^6waltt^e for ilkh vafii- 
tfi^b, is to compflite the plaice of th6 j^lati^tfor aii 
It&^aiit precedhig the givi^ft Instaht, ty the time 
"^at light isltes to move ttbm the phttet to the 
earth. Diis was the method uised by Dr IIaske* 

iLlifE, VlNC^E, JsL vd. I. § 5^7. 

Ko attention has been paid here to the velocity whick 
places on the Earth'^s surface derive from the mo- 
tion of the Earth on its a:sis. This is too small to 
produce a sensible effect^ as is shewn by Dc 
IfAKBaE, Astron. L^<m 19. § 23. 



Mutation of the JlSart'Ks Axk. 

21*?. A small inequality, which has been obse*- 
ted in the precession of the equinoxes, an^ln the 
mean obliquity of the ecliptic, is known by the 
name of the NutatUnu 

Thi« 
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This inequalltj, which sffects all the hearenly I 
dies, v/aa discovered by Dr BaAOLEv, while < 
ployed In verifying his theory of the aberr^ n 



The period of the changes of this inequality was ob- 
served to be eighteen years nearly, the same with I 
the period of the revolution of the Moon's nodes ; 
and it was soon found, that the quantity of the in- 
equality depended on the place of the node. Certain 
theoretical considerations thus led to the discovery J 
of the precise form which this inequality assutnei, I 
when analytically expressed, and reduced into a J 
formula. It is not certain that observation alone, . 
would have led to this conclusion ; but there is no' I 
I doubt that the places of the heavenly bodies, whert 1 
corrected by means of it, agree much better wlttf 1 
observation than when the correction is not ^-' 
plied. 



218. The phenomena of the nutation maybe I 
represented by supposing, that while a point,- 
which may be considered as defining the meaill 
place of the pole of the equator, describes a circle ^ 
in the heavens, round the pole of the ecliptic, at a 
distance from it equal to the mean obliquity of | 
the ecliptic, and with a retrograde motion of 50" 
annually ; another point, representing the actual 
pole of the equator, moves round the former at the k 
distance of 9'', so aa to be always go" more caster- 
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[y than the Moon's ascending node. The inequa- 
lity thus produced in the precession of the equi- 
noxesy and in the obliquity of the ecliptic, will 
exactly agree with the appearances as observed. 

It was by this construction, that Dr Baadley repre* 
sented the irregularities he bad obsenred. . 

From the oscillatory motion thus ascribed to the pole 
of the equator^ oi' to the axis of the Ea^th, the 
name of nutation is derived. 

219. If N be the longitude of the moon's as- 
cending node 4-9"-^ cosN> is the variation in the 
obliquity of the ecliptic produced by the nutation, 
and — 17'' 946 sin N, is the variation in the pre- 
cession, or in the equinoctial points. 

The last of these equations affects the longitude of all 
the heavenly bodies equally. 

P£ Lambre, AbrigS d^Ast. lecon xx. § 16. 



220. If A be the right ascension of a star^ 
and D its declination, the nutation in right ascen- 
sion is 

tan (D — 8.373 cos (A — N) — 1\227 cos (A + N)) ; 

and the nutation in declination is 

+ .8".S73 sin (A — N) + r'.227 sin (A + N) . 

The 
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The effect on the deelinatbn, therefore, does not in- 
volvte the declination itself, and is the safoe for alt 
atars' htrikg the ^ame right asctStfsioA. 

fifil. The inequalities here coi^Aered, do not 
affect th^ po»tioh of d^ Mars vektiveiy to one 
toother, nor to the plane or pole of the ecliptic ;* 
they afiect their positbn only relatively to the 
plane of the equator; ot to the position of the 
Earth's axis. 

it wais from ihis general fact, combined with liie re- 
lation observed between these inequalities, and the' 
motion of the mooli'^s nodes, tliat Bradley was led 
to the constructioh given above. In separatmg 
between the inequalities belonging to the nutation,' 
and those depending on the aberration, (which ob- 
servation always {presented as combined together)/ 
he has displayed great acnteneas and sagacity. 

^ee WooDuoura> Mtton^chap. 17. 



h 
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S£CT. XIII. 



DIMENSIONS OF THE SOLAR SYSTEM. 



niTBERTo^ the distance of the Sun from the Eafth 
hiETs served as the unit, by which we have measured 
^ other /distances in the planetary system. It now 
remains, (in orjler to have a precise idea of those 
distances), to compare this unit with the diameter 
of the Earth, and of consequence with the known 
measures in which that diameter has already been 
expressed. This depends on the parallax of the 
Sun; which has already been shewn to be less than 
10^, and, on account of its smallaess, difiicult to be 
^certained. The method which first presents it- 
self, does not lead to any thing more precise than 
^he limit just meptioned. 

222. Since the ratios of the distances of the pla- 
nets from the Sun, to the distance of the Earth 
from the Sun, are known, if the parallax of any 
of the planets were discovered, that of the Sun 
would, of consequence, become known. 

This follows^ readily, from the laws of the planetarjr 
motions. 

Ypl. II. Mmtb, 
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Mars, when in oppositioi) to the Sun, is nearer t|ie 
Earth than any oUier of the superior planets, an4 
bis parallax of consequence is the greatest. Froni 
the opposition of October 1751, aboye referred to, 
and observed by La Caille, at the Cape, the pa- 
rallax of Mars was determined to be 24'^6 ; an4 
his distance from the Earth 3371 s^midiame- 
ters of the latter. But, from the place of Mars 
in his orbit, his dbtance from the Earth at that 
time was .4354 of the parts of which the Sun'^s 
distance from the Earth is 1 ; so tha^ the parallaic: 
of the Sun is equal to that of Mars, multiplied by 
the above decimal, and is therefore 10^.09; and 
therefore the distance of the Sun Is 19826 semi? 
diameters of the Earth. 

This, however, cai)not, any more than the former 
determinatipn, be considered in any other light 
than as a Um^ which th^ Sun's distance probably 
exceeds. 

223. The planet Venus, at the inferior coi\juno 
tion, approaches nearer to the Earth than Mar^ 
does in opposition ; and, therefore,' if Venus wn 
then be observed, which she may be vvhed she 
passes over the disk of the Sun, that obserYatiod 
will afford the best pi^ans of ascertaining the 
Surd's parallax, 



' ■ ». 
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This was first remarked by Dr Halley, and 
since that tim^, two transits of Venus over tlie 
6iin have happc^ned, vrhich Bstronomers hate taken 
the greatest pains to observe with accuracy. The 
general 'principle which connects this method 
of finding the parallax with the more elementary 

fethods already explained, is all that can be given 
Te. The details of the calculations must be left 
the Treatises and Memoirea which treat of them 
Let S be the Sun (fig. 21.) and E the 
Earth, both suppoEcd at rest, while Venus at V 
moves westward in her orbit, with the sum of her 
own ailgukr velocity and that of the Sun. Let 
O &nd C be the stations of two observers on the 
surface of the Earth, who see the transit begin 
when Venus is at the points V and V' of her orbit. 
If the difference of the longitude of the two obser- 
vers is known, the time that Venus has taken to 
move over the arch W is also known, and there- 
fore, from the motion of Venus in her orbit, the 
arch VV is given, or the angle which the line 00' 
subtends at the distance of the Sun. But GO* itself 
is given, and its ratio to the radius of the earth ; 
therefore the angle which that radius subtends at 
the Sun, or the horizontal parallax of the Sun, is 
given. 

Ibta 



I 
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This construction supposes the observers O and 0' ta 
he either exactly, or nearly in the plane of the or- 
bit of t'tnus, but it may be extended to cases in 
which that condition does not take place. It re- 
quires, too, that the longitude of the ^aces of obser- 
yatlon should be accurately known. To avoid 
tjie necessity of this determination, the durations 
pf the transit, aa seen from different stations, ha^e 
been preferred, for ascertaining the parallax. If 
we suppose observers, situated in respect of one 
another, so that the line which Venus is seen to de- 
scribe on the S^n's disk, is longer at the one sta. 
tion than the other ; the duration of the transit 
will be proportionally greater, and the difierence 
will eYidentiy depend on the distance of the obser- 
vers from one another, estimated in the direction 
perpendicular to the lines whicli Venus traces out 
on tlie surface of the Sun. The differences of du' 
ration, therefore, depend or the parallax of th^ 
Sun, or on a function of it ; and therefore when 
(hat function is known, the parallax may be infer- 
red, from the comparison of the durations of the 
transit. See WoonnousB, Aatron. p. 378. &c. 

The transit of 1769, was observed at Wardhus i 
the North Cape, and also at Otaheite in the Soutl|J 
Sen, and was found to be longer at the former tfa^ 
at the latter by 23'.10", The difference, supp< 
sing the parallax to have been 8".83, should bayS 
amounted to ^3'.26''.!)5 ; and hence the parallax is 
fleduced, - 8''.72. Vince, Ant. i. § C22. Dr RUa- 



1 

I 
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kBiTiiE^s method of calculaUng the parallax firoid 
ihe duration of the transit* is there given. 

See alsd on this sobject^ La Lamie^ Att toI. n* 
lit. zi. 



825- From a mean of the observationa of the 
tnmsit of 1769, taking it as calculated by Short, 
EuLER, &c. the parallax of the Sun, for his mean 
dtftance, has been found to be 8^73 ; and the 
* mean distance, therefore, rr 23659 semidiameters 
bf the Earth, or 935950(00 milgs. 

ViMCE, Aat. Tol. I. § 629. 

Thus tb^ stale is determined according to #hich tile 
distances of the planets have beep already set 
dowdy § 17a 



I 
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Sect. XIV. 

OF T|{£ ANNUAL PARALLAX AND BISI^ANOE Ot 

TH£ FIXBD STARS. 



S26. The fixed, &t9i^, ^s bas. beep alr^^dy ^bewQ^ 
have no parallax tvith respect to this Earth, or 
any line that can be measured oti its surfkce ; and 
lh^,if -^ifttWS* » ^ gr^t, th^« it h yf>t doubtful 
mrhether th^y have any parallax, even with re- 
spect to the orbit of the Earth round, the Sun. 

A fixed star not only occapies exactly the same place 
in the heavetis, from whatever point of the Earth^^ 
surface it is observed, but it does so with^ a quah* 
tity so small as to be hardly measurable, even 
when viewed from opposite extremities of a dia- 
meter of the Earth^s orbit. 

On the supposition that the star does change its situa- 
tion, when so viewed, the angle which measures that 
change is called the Annual Parallax of the Star. 
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dS7* If ^ fi^ed ^ar ba^, ao annwl p9jra})i9«L that 
^as sensible^ it waiiUl appear#ta iescribtf a& cllip« 
sis, of which the greater semiaxis was equal to 
that patallax^ and the sediiconjugate equal to t;he 
^me, multiplied into the sine of the latitude of 
the star. 

Tbe centre of Uiis dfipse would be* the place df the 

m 

star, seen frbm the Sun ; tbe conjtigate weuM bai^ 
the directioii of a circle of latitude, passing through 
the star and the pole of the ecliptic. 

ii%. If L be tbe longitude, and A the latitude of' 
a star, of Whicb tile annual parallax, wbefH a ma- 
ximiim, is p ; then, if the Itogitttde of the Sun 
is S^ the parallax of the stair, in latitude, will bei 

— p sin X cos (L -^ S) ; 
dnd its parallax in longitude 

-^--^sin (L — S) ; • 

cos A ^ "^ 

i)c Lambre, Ahrigif Ufbrt Id. § S9. 

^be effects of aberration and of parallax, are both to 
make the fixed stars describe ellipses, but quite 
different, ^ipi magnitude and position. Boscoricu^ 
however, has demonstrated, that a fixed star. 
Under the influence pf both these causes^ will still 
appear to describe an ellipsis about its true place. 

O 4 DuHrtatto 
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Diuertatio dt mmuia fixn 

BUB, 1743. La I,<mdk, Ast. § 38^7. 
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229. When two stars appear very near to one 
another, or when their distance subtends a very- 
small angle, the variations in that angle, at oppo- 
site seasons of the year, may serve to determine 
the parallax of the fixed stars. 



This method of ascertaining the distance of the fixed 
Btsrs, seems to have been first thought of hy GAt-t* 
1.B0, S}fst. Cos. Dial. 3. Dr Hehbckell has also 
Tecommended it; and the double stars which he has 
discovered, as well as the Lamp Micrometer which 
he has invented, give hopes that it may prove 
cesgful. 



■ 330. From the consideration of the quantity of 
fAe light of the fixed stars, compared with the quan- 
tity of the light of the Sun, it has been concluded, 
that the parallax of a star of the second magni- 
tude, is not more than y of a second ; and of a 
I of the sixth magnitude, not more than -^ or 
I of that quantity. 

The very ingenious paper in which these conclusions 
are deduced, is by the Reverend Mr Miicmelu 
PfM. Trans, vol. Ivii. p. 234, &c. 

231. 
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SSI. The attempts of astronomers to discover 
the annual parallax of the fixed stars by direct 
bbservation, have liot jtt been perfectly success- 
ful *; and it is therefore ptobable, that the quanti- 
ty sought for does not exceed one second. 

X>r BRiNCLt is of opinion, that he lias ascertained the 
annual parallax of « Lyra to be 2f.Si. PhiL 
Trans. 1810, p. 304. 

The attempts to discover the parallax, have chiefly 
beoi made on smaller stars, which, beitig proba« 
bly more distant than « Lyra, their parallax has 
been too small for observation. The observation 
of Dr Brinclt if^ of great anthority, but while 
single, cannot be considered as perfectly decisive. 

If we suppose the annual parallax not to exceed 1% 
the distance of the fixed stars eannot be less than 
806265 times the radius of the Earth's <^bit. As 
light traverses the latter in 8M3", it will require 
8 years and 79 days to come from a fixed star to 
the Earth. 

Thhr may be supposed true for stars of the second 
magnitude, even if those of the first have a paral- 
lax of twa seconds. 

Though thb diistance is immense, it is probably small 
compared to that of the most remote of the bodies 

which 
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iriiich we see in the hearens. As it cannot be 
donbtedi that the fixed stars afe iuminolis bodies 
like the Sun, it is probable that they are not near- 
er to one another than the Sun is to the nearest of 
them. When, therefore, two stars appear like a 
tK^uble star, or very near to one another, the one 
miUAt be placed far behind the other, but nearly in 
iKi^ sanie straight line, when seen from the Earth. 
Vhe same must hold at least in a certain de- 
^)^iYe, wherever a great number of stars are seed 
s\uicentruted in a small spotw In the starry nebu- 
lu\ therefore, such as the Milky Way, which de- 
vU« their light from the number of small stars, ap- 
)H»M*iug as if in contact with one another^ it is 
yl^iik, that the most distant of these must be many 
Uu>Msaiid times farther off than the nearest, and 
lij$ht must, of course, require many thousand years 
t^ cottie from them to the Earth. The poet, per- 
llapH) has been taxed with exaggeration^ who 
ai^keoli' 

** Fields of radiance^ whose unfiiding I^ht 

'* Has travelled the profound six thoiBand years, 

'' Nor yet arrived in sight of mortal things." 

Y et the fields which he describes, are far within 
the clivle to which the obserrations of the astrond- 

tiicr extend ! 
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APPENPIX- 



H THE METHOD OF DETERMINING BT Ofi9£RVA-< 
tlQK, TH« CONSTANT COEFFACI?NT8 IK AN AS- 
SUMED OR GIVEN FUNCTION OF A YARIABUS 
QUANTITY. 

t 

Observatiw makes koquyft tbc pliice9 df the beaTentf 
bodies only for inslmU, separated from one mh 
ther by certain inienrak of tli»e ;; but the ptirpose!^ 
of science require, that they should be determined 
for any time whatever, or for every instant. This 
is rendered practicable by the consideration, that the 
magnitude which determines the place of any bo- 
dy, its longitude or latitude for example, is a va-> 
riable quantity^ between which and the time (a va 
riable quantity abo) a certain relation continues al- 
ways the same. This celation may therefore be 
expressed by an equatipn, whichji for every value 
of one of the variable quantities, will give the cor- 
responding value of the other; so that the one of 
theim may he assigned kv teems of the other, or in 
what i& called a Function of it. The fbim of this 
function is sometimes known from theory or ana- 
logy, and at otlier times it is wholly unknown. In 

the 



the latter case, we must assume the simplest fnaot 
Uon that can represent the observatioos, and thai 
naturally consists of a series of terms, proceeding 
according to the powers of one of the variable 
quantities, with coefficients which are constant, bnt 
unknown quantities, to be found from the observe* 
tions. This is called the method of /ntrrpotationt 
because it inserts a term in the midst of a nunt-' 
ber of others. 

232. If X and J/ are two variable quantities, of 
which several values have been determined from 
observation ; if ^ be assumed equal to- a scries of 
the powers of x, beginning from 0, and going on 
to as many terms as there are observations, viz. 
y = A+Bj+Cj-' + Dx\ &c.; then, if for 
y and x, be put their corresponding values, as de- 
termined by observation, as many, equations will 
arise as there are unknown coefficients A, B, C 
and D to be found, from which they wilt become 
known. 

The most useful interpolations are, when the time b 
one of the unknown quantities, and when the in- 
tervals between the observations are equal, ag is' 
supposed in what follows : 

S33. Let a, m, a", a, •"", be any number of ob- 
servations made at the times 0, m, 3 m, 5 m,* ^r 

&c. 
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6tc, and let the differences of «, a. a*f &c, be ta- 
keo in their order, and the difference of these 

f ft #// Ml 

differences, as on the nyir- «i a , a » » , » » 
gin, 80 that p is the first of (3, P', P", ^\ 

the first differences, y of y, y t v f 

the second, i of the third, ' ^ 

and f of the fourth, fitc. $ 

Cm vw / w / 

^ 91fii Vm f^n /\m /' 

tec. • 

where the law of continuation is evident. 

This is Sir Isaac Nbwton^s theorem, expressed alger 
braically. Math. Prineip, lib. iii. lemma 5. 

a. If Ihere arp onl^ two observatioiis, po (hal the se* 
jries of differences goes no farther than fi, then 

y=« — fi . -- =»— *"^ » -. Jp; and this is no 

pther than the compion nde for finding a propor* 
^ional part. 

*. If 
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hf If there are thjree observations, v=:«*— 0. — -b 

n 






m "III 



8^ + y * a. y *^ 



c. Attention must be paid to the signs of the differ- 
ences. The succeeding quantity is here always sub- 
tracted firom the preceding, and therefore if the 
former is the greater, the difference will be nega* 
tive. On the subject of interpolation, see New. 
TON, as above quoted. Stirlino ofi Infinite Series; 
La Cajlle Astron. p, 69. ; Nautical Almanack^ ex« 
planation at the end. 

Interpolations of this kind, cannot lie supposed to ex- 
tend far beyond the interval Within which the ob- 
servations are contained, unless it shall appear, on 
continuing the observations, that the formula ap* 
plies to them, without requiring the addition of 
pew terms. As long as the addition of nrw obser- 
vations, requires an alteration in the formula, it is 
cdrtaiii that the true law is not discovered. 

.254. Let it now be supposed, that the form of 
the function is known from theory, but that the 
constant quantities that eiiter into it, are to be de- 
termined by observation; required, considering 
■that every observation is liable to error, in what 

way 
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y these quantities may be most accurately de- 

liiitied. 

There are two cases of this problem, one, when the 
constant quantities are yet entirely unknown, ano- 
ther, when they are already approximated, and 
only require to be farther corrected. In the first 
case, the process is very simple. 

23.5. Substitute the quantities known by obser- 
tion for If and .r, in the given formula, (each 
servation being supposed to afford a value both 

X and o£ y), and thus, as many equations will 

obtained, as there are observations. If these 
ceed the number of quantities to be found, or 

the equations wanted, let there be composed 
im the addition of them into separate sums, as 
any equations as are necessary, each consisting 

as many of the given equations as the question 
,mits of. From the equations thus obtained, the 
lantities sought may be determined with the 
ast probability of error. 

The postulate on which this rule proceeds is, that 
though each of the given equations is incorrect, on 
account of the unavoidable errors of observation, 
tllere h nothing that determines the errors to be os 
one side more than another, or in excess rather 
^han defect. By adding a number of them toge- 
ther, iberefoie, the errors may be expected, in part 
St 
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to htlance one another, so that a more 
cquaUon is obtained than anjr one of those 
h it is co m posed. 

lie geqeral formula to be 
jf=:Asin« + Bsin2«, 

sflid that from obsenration we hare eight values of 
JT and tfj viz. 



Values of x. 






Values of .y. 


140° 








73'.5 


135 








80.2 


130 








87.0 


125 








94.1 


120 








99.5 


115 








104 U» 


no 




* 




107.fi 


J0$ 








110.2 


Hence, 










.6428 A 


— 


9848 B 


zz: 


73.6 


.7071 A 


— 1. 


OOOOB 


— 


80.2 


.7660 A 


— 


9848 B 


zr 


87,0 


.8191 A 


-— 


9337 B 


= 


94.1 


.8660 A 


— 


8660 B 


~ 


99.5 


.9063 A 


— 


7660 B 

• 


zi 


104.5 


.9397 A 


— 


6428 B 


zn 


107.5 


.9660 A 


^^ 


5000B 


— 


110.2 



Uj adding the first four into onei and also the second 
four, we get 

2.9350 A — 3.9033 B r: 334.8, and 
3.6780 A — 2.7748 B = 421.7; 

and 



ftnd therefore, 

^ _ 3.9033x4gl.7 — 2.7748x334.9 
~ 3.678 X a9033 — 2.933 x 2.7748 ' 
or A =: l-.SS'.OO . 
* In like manner, B — I'.S ; so that the equation bc- 



j? = (l^Si'.S) sin r + (1.2) sing*. 

TUs IS near)? the equation of the centre in the 
Earth's orbit. 

In this way all the elements of any of the planetary 
orbits may be determined nimullaneoiitlj/, or cor- 
rected if they are already nearly known. In the 
construction of Astronomical Tables, the number of 
equations combined has amounted to many hun- 
dreds. 

In the example above, no method was to be fol- 
lowed, but that of dividing the original equations 
into two parcels or groups, from the sums of which 
the new equations were to be deduced. Bui when 
it happens in the given equations, that the termi 
involving the same unknown quantity, have diffe- 
rent signs, the be^t way is to order all the equa- 
tions so that one of the unknown quantities, as 
A, shall have the same sign throughout ; and then 
to add them togethei-, for the first of the derivative 
equations. Let the same be done with B, C, 8ic. 
whatever be the number of the quantities sought. 
Thus, each of the unknown quantities will occut 
in one of the equations, with the greatest possible 

Vol.. II. P coefficient; 



OUTLINES O* NATURAL PHILOSOPHY. 



coefHcieat; and the coefficients of the ^ame i 
known quantity, in the different equations, will be- ' 
come by that means as unequal as they can be ren- 
dered, which contributes to make the divisor by 
which that quantity is to be found, as large, and it- 
self of course, as accurate as the case will admit of. 

Suppose, for example, that the formula 

(121 ') sin * — (6S" .5) sin 2 x =y, 

was reduced into a table, and that by a compart- ' 
son with obcervalion, it was required to correct the 
quantities 131°, and 65°.i3, that !;, A and S, ac- 
cording to our former notation- 
Suppose also that the observations were made when m 
the values of* were 30^+5°, 60', 75°, 90% 105% ' 
120° ; and that the errors in the Tables were ia 
these instances found to be + .318, — 334, — 083, 



I 

e 



+ .044, + 05, ■ 



-021, 



- 084 ; then, calliug a a 



b the corrections on A and B, we have 

.500 a + .666 6 = + .319 
.707 a + 1.000 6 = — .334 

.8660 + .866* = — .083 

.966 a + .500 6 = + .04* 
1.000 o + = + .05 

.966a— .600* = — .021 

.866 a— .866 6=— .084. 
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The equation that results from this is, 
5 971 a + 1.076 h = —.299 . 

Then, ordering all the seven original equations, so 
that the terms involving h shall be affirmative, we 
obtain 

2.307 a + 4.598 6 = + .1 . 

From these, a = — .0527, and 6 = + .047 . 

This method of determining the coefficients of a gi- 
ven function, or correcting them from observation, 
by means of what are called Equations of Condition, 
was invented by Tobias Mayer of Gottingen, and 
.employed in the construction of his Lunar Tables. 
It has been much used in aatroaomy since his 
time, and may be introduced with great advantage 
into many experimental investigations •. 

See BiOT, Astron. Ph/s. torn. ii. § 109. Also Vinck's 
Preface to the New Tables, in the 3d volume of 
his Astronomy, 

P 2 ASTRO- 
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Sect. L 

bF THE f ORCES WHICH REGAIN tHE PLANETS IN 

THEIR ORfeltS. 

236. If a bodj gravitating to a fixed centre, 
have a projectile motion impressed on it, in a line 
not passing through the centre, it will move in at 
fcurve ; and the straight line drawn from the bo- 
dy to the centre, will describe afeas proportional 
to the timeSk 

• McUk, lib. I. prop. I; 

P 8 i. donvcrselx, 
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a. Conversely, if a body move in a curve, so that the* I 
line drawn ffom it to a fixed point, describe i 
proportional t« tfie times ; the body gravitates tw 
that point, or tends continually to descend to it. 

b. The velocities of a body in different points of the 
curve which it describes about a centre of force, h«" ' 
inversely at the perpendiculars drawn from the' 
centre to the tangents at those points. 

c. By comparing this proposition with the first of Kep- 
leh's laws, it follows, that the primary planets all 
gravitate to the Sun, and that the secondary planets 
gravitate, each to its primary ; and thus the laws of 
Dynamics are immediately extended to the motums 
of the heavenly bodies. 

d. If the curve in which the body moves returns into- 
itself, it is called an Orbit, as in the ease of the pla- 
nets ; if it does not, or if it is not known> whether 
it does or not, the curve is called a Trajedory. 

237. If of two bodies gravitating to the same 
' centri:, one descend in a straight line, and the 
other revolve in a curve ; then, if the velocitiesof 
these bodies are equal in any one case, where they 
are equally distant from the centre, -they will al- 
ways be: equal where they aie equally distant- 
from it. 

Prindp. lib. i. prop. 4d. 

T. b; 
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k. If, instead of descending, the body that has the rec- 
tilineal motion, should ascend from ihe centre, 
while the revolving body retires from it, the same 
thing holds of their velocities. 

b. When ill these pro}]ositions a body is said to gravi- 
tate to a centre, or to be urged toward it by a cen- 
tripetal force, no supposition is implied concerning 
the nature of that force, or the cause from which it 
proceeds. Nothing more is understood, than the 
mere existence of a fact, like the tendency of bo- 
dies to fall at the surface of the Earth. 

S38. If a body descending from rest at a given 

oint in a straight line, toward another given 

Kjint to which it gravitates, have its velocity al- 

JRrays proportional to the square root of its distance 

"om the first of these points, divided by the 

quare root of its distance from the second, it is ur- 

Ifeed toward this last point, by a force that is in- 

I'versely as the square of its distance from that 

V point. 

t. Let A, fig. 92. be the point from which the body 
falls, C the centre to which it tends, B any point 
at which the centripetal force is y, DEF a curve, 
such that the perpendiculars from any two points 
A and B, in the line AC, meeting the curve, are 
as the forces at those points, so that BE.=f; then 
2 area ABED = v\ (§ 100. vol. r.). If B 6 be the 
Ime moved over by the falling body, in an indefi- 
P t nitely 
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mtelj 8ma]l portion of time» or the momentary iif' 
crement of AB^ v ^v will be the Telocity at th^ 
end of that time, and 2 Ai e D = (v + vy. 

Now if AC==a, CB=ar, Bb=:x, then, since the 
square of the velocity is as ^ a constant quair- 

tity m* may be found ; so that t?* = w* x ^"""^ 
and therefore 2 ABED = w* x -^""^ 



For the same reason, 2 A 8 e D = m* v ^^^^ ~ !)• 

And therefore 2 EB 6 c = m* (j;;^— ;;) » 

or dividing a by ;e — i, and rejecting the termir in- 
volving the higher powers of ^> 

The centripetal force /is therefore inversely as the' 
square of the distance. 

AG 

&. If the point G bisect AC, then, pg-= h ^^^ 

if c be the velocity acquired by falling to G, 
c* =m* X I5 or « =:m ; m therefore is the veloci- 
ty 
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ty acquired by fallltig from A half-wiy to the 
centre C. 

c. Hence also, the force at G = j c' x j— ^ = — . 



S39. If to a tangent of an ellipsis, a perpendi- 
cular be drawn from either focus, the distance of 
that focus from the point of contact, will be to the 
distance of the other focus from the same point, as 
the square of the perpendicular drawn to the tan- 
gent, to the sijuate of the semiconjugate axis. 

a. Let P (fig. 23.) be a point in the ellipsii ADBE, AB 
the transverse, DE t}ie conjugate axis, C the centre, 
S and F the foci ; GPH a tangent to the ellipsis 
in P, SG the perpendicular on it from S. Draw 
SP, PF, and make FH pppiteiidicular to GP. 
Because the angles SPG, FPU, are equal, the 
triangles SPG, FPH are equiangular, and there- 
fore 



SP ; 



; PF : : SG 
SP : PF : SG* ; 
But FH X SG = CD", 
SP : PF : : SG' 

h. Hence also SG^ =: CD^ x 



FH, and 
FH X SG. 
therefore 
: CD'. 



and 



SP 
■ PF' 



iH 
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240. If a body urged by a centripelal force, 
Reeled to a fixed point, describe rfn ellipsis oT 
which that point is a focus, the centripetal force 

must be inversely as the' square of the distance. 

Suppose a body falling in a straight line to the focus 
F, (fig. 24.) to have at A the same velodty that the 
body revolving in the ellipsis has at A. Let P be any 
other position of the revolving body, and with the 
radius SP let an arch of a cici:le be described, meet* 
ing AB in L ; the velocity of the falling body at 
L, and of the revolving body at P, will be equal. 
If, then, the velodty of the revolving body at the 
mean distance, or at the point D, be called c, and 
its velocity at P be o, t) : c : ; CD : SG, (§ 236, 6. J, 
c . CD ^ , c'. CD' 



~Sg^ 



19, a.) 



jng body at L i 



equal to SP, and LN to PP, SN - 
so Ihht the point N is given. 



SP + PP = 
The cMtriw 



Now V is the velocity of the falling body at L,| 
well as of the revolving body at P ; therefore KH 
LN be taken equal to FP, the velocity of the fall- 

:VNL 
SL ■ 



But because SL is 
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force at L is therefore as gp , § 238. that is, 
as ~i. Q.E.D. 

S41. The forces, therefore, which make the pla- 
cets describe ellipses having the Sun irt their com- 
mon focus, are inversely as the squares of the dis- 
tances from the centre of the Sun, 

a. As the same reasoning that is here applied to the el- 
lipse, might be applied to the hyperbola or the 
parabola, therefore the force tending to one of the 
foci, which is requisite to make a body describe a 
conic section, is inversely as the squure of the 
distance. 



»■ The converse of this is true, viz. that if the centri- 
petal force be inversely as the square of the distance, 
the body will describe a conic section. 

e. The line NS, (fig. 24.) through which a body falling 
toward S will have, at a given distance from S, the 
same velocity that the revolving body has at that dla^ 
tance, is equal to the transverse a^is of the ellip- 
sis ; and the velocity of the revolving body at D, its 
mean distance, is equal to that which is acquired by 
falling from N to K, the middle point between N and 
6. If SE: or EN = a, the velocity at K is that which 
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wag called c m § 938. a, and if <{ ia a giren diatanei 
from S, at vthich the centripetal force is/, c is eqiu 



dp 

"J- 



This is easily derived from § 238. 



342. If bodies describe different ellipses about a 
centre to which they are urged by centripetal 
forces that are in the inverse ratio of the squares o£ 
the distances, the squares of the times of revolutii 
V/iU be as the cubes of the mean distances. 

The velocity c, at the mean distance a, U ■^ ■ r t and 
a* 

therefore the sector described in a second by the 
radius vector, when the body is at its mean dis- 



lai 






and as ofl as fliis is coi 



4 



tainei in the whole elliptic area, of so many seconds 
does the time of the revolution consist. Now the 
area of the ellipsis of which a is the semitransversej 
and b the semiconjugate, is ^ab; tiierefore the 



time of revolution =; t 



,..i"* 



Sd/' df 



i ■ 



^^^4; 
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ir, therefore, c and t' be the times of Uie revolu- 
tion of two bodiei, 

( : t' : : a 3 : o'Si, or 
t' : ( '' : : o ' : a' * . 

The third and last of the laws of Kepi.eb, is thus de- 
rived from the action of a centripetal force, obey- 
ing the law already shewn to be conformable to the 
other two, that is, being inversely as the squares 
of the distances. 



i3. Suppose a body to gravitate to a centre, as 
\n the preceding proposition, and to be projected 
from a given point, with a given velocity, in a di- 
rection perpendicular to the line drawn to the 
f:entte ; required to find the Conjc Section which 
it will describe, 

a. Let the semitransverse or the mean distance = a \ 
the semiconjugate = b ; the velocity at the mean 
distance = e ; and at the apsis A, (tig. 24.) from 
vrbich the projection ia made, = u ; let the line SA 



^rom(g236,£.)i': 



.^P 



. jldf^=:ra.' V, or 4*d*/=a tl*r*; and because 
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i* = ASxSB=:r (3a — r), 
r(2a-^r)cP/=flt>»rS apd 

Thus the semitransverse axis is found, and firom it| 
with the focus S, and the apsis A, the conic section 
may be described. 

f>. The conic section will be a circle, lyhen a = r, or 
^hen d}fz=- v^ r, or t>* = — s^ . If o is such that 

2 dV= ^'^ ^5 o^^ ® • = ^ J the denominator is 0, 

T 

and the value of a becomes infinite, so that the tra- 
jectory is a parabola, of which the focus is «, pn^ 
the parameter 4 r. 

p. When 2 d^/> i?^ r, the value of a is affirmative, and 
the conic section is an ellipsis ; and this ellipsis has 

its higher apsis at A, if d' < — ^ ; but when ©* i« 

d^ f 2i^f 

between the limits of — ^ and =^, the lower 

r r 

apsis is at A. 

i. When v goes beyond this latter limit, or when 
v^ r > 2 d}f^ the value of a is negative, and the 
trajectory becomes a hyperbolii. 

844« From 
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844-. From the fact that action is always ac- 
companied by reaction, we conclude that gravita- 
tion among terrestrial bodies is the mutual tenden- 
cy of the particles of matter to one another. It is 
therefore reasonable from analogy to suppose, that 
this is true in all cases, and that the force of gra- 
vitation to^^ard different bodies, the distances be- 
ing the same, is proportional to the quantities of 
matter, or the masses of the bodies. If the mass 
of a body be called m, the gravitation to it at 

any distance ^' will be — 



I any 

k 



Hence, iq the formulaa above, m may be inserted 
instead of d'f. 



245. The quantities of matter in any two pri- 
mary planets, are directly as the cubes of the 
mean distances at which their satellites revolve, 
and inversely as the squares of their periodic 

i This 13 proved by substituting m* for d/', in the 

it— J- ; we have theiice 

d/5 
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from which the proposition above follows rea- 
dily. 

j&. By means of this theorem, the mass of the Snn, and 
of any of the Planets which have satellites, may 
be compared with the mass of the Earth. 

e. In the Mecamque Celeate, they are calculated from 
the most exact data» as below : 

Quantity of matter in the Sun = 1 

in a.e Ijarth, = ggL^ 

in Jupiter, = 



1067.09 
1 



in Saturn, =^ ^^ 
in Uranus, — 



19504 



d. As the ratifs of the Diameters of the planets are 
known from observation, the ratios of thf ir Bulks, 
being the same with those of the cubes of their dia- 
meters, are also known ; and hence the Densities, 
which are proportional to the quaptitics of matter, 
divided by the bulks, are fonn^. 

Density 
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tkhuij t£ ih^ Sun^ 


^.^^m 


1 


of the Earthy 


r= 


3.9393 


of Jupiter, 


S; 


0.8601 


of Satiiniy 


= 


0.4951 


Of tlraniis. 


~ 


1.1370 



246. "the immovedble point to which the pla- 
nts gravitate, ii not the eentre 6f the Stiii^ but 
le centre of gravity of the solar system. 

from the eqtialitj of action and reaction, the gravi- 
tation of the planets to the Sun must be a^scompa- 
nied by the gravitation of the Stin to tbfe j^lanetsy 
so ihat the quantity of the iulbtion of the former, 
estimated in any direction, must be equal to that 
of all th^ latter estimated in the Opposite. The 
Sun, therefot^, moves in aii orbit, about the only 
ix)int of which the cdfiditidn 6ann(ft be disturbed, 
by the mutual dction of the surrounding bodies, 
viz. the centf^ 6f gravity of th6 whole. 

if there wete only one plainet, the Stfh and that pla« 
net would describe similar c6hic sections^ of whidi 
theif common Centre of gravity wotild be one of 
the foci ; their disiatnt^s fro^ that poiht being al- 
ways inf ^rsely as their mtoeff. If there in a num- 
ber of planets, the path of tiib Sun will become a 
more complicated ctirve, but will be such as to fur- 
nish a centrifugal forde in respect of each planety 
just able t6 counteract the gravitation toward it. 

Vol. ir. (^ 1^47. Th':;' 
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247. The centre of the Sun is never distant by 
so much as bis own di&meler fronfir the centre of 
gravity of the system. 

The dfameter of the Sun is equal nearly to .009 of 
the i^dius of (he Eafth'*s orbi£. Now, if we sup- 
pose' tfie Sun, and aH'the great phmets of the ayv- 
tern, Jupiter, Saturn and Uranus, to be in a 
straight line, and the planets all on one &ide of the 
Sun, the centre of the^ Sun will be nearly '€he far- 
thest possible from t&e centre of gravity of Che 
whole ; yet we shall fincT on computation, that thfe 
distance is not greater than .0085 of the radius of 
the Earth's orbit . Newtomi Prineip* lib. in. 
prop. 13. 

248. Thus the existence of the principle of gravi - 
tation, is established by induction from the laws 
of Kepler, and from it, by reasoning dpwnward, 
conclusions have been obtained concerning the 
quantity of matter in the planets, to which obser- 
vation^ without the assistance of theory, never 
could have reached. 

It yet remains to be shewn, that the same force which 
occasions the descent of heavy bodies on the Earth'^s 
surface, at the rate of 16.09 feet per secamd, when 
diminished in the inverse ratio of the square of the 
distance^ is just sufficient to retain the Moon in her 
orbit. 

The 



. i 
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^Jie syderial resolution of the Moon is 27^.321 66^ 
§ 124. and her m^iin distance 59.87d seinidiameters 
of the Earth. From this^ oh the siippbsitibil that 
the squat* es of the perio^c times are as the cubes of 
the distances the period of a bodj projected, so as 
to describe a circle round the Earth,' w91 be 
found li>.4i516. From this the arch which the 
bodj describes in one second, is found to be 4M3^ 
i4S''' ; and the deflection from the tangent in one 
second, if reduced to feet, comes out 16 and a 9PiaIl 
fraction, the same \^iiU the desdent of a heav j oody 
- in one second, at the sutfaCe of the £arth. 

Nbwtoni Princip, lib. iii. prop. 4. 

On tlie subject Of this il^tibn, see Newtoni Princip. 
Mdih. lib. l^^; sectib 2^*, 3«», 7™, 8^ 11^. 

JoH. Bernouilli, Opera j^ torn, 1"™% N° 86. 

Eociat Afttihanicai torn, i. cap. fitum. iPafti^lilariy 
prop. SO, 8h 

Faistf Operdj torn. 3^^^, Cosniogrdphia^ lib. Imus. 

t)r MAtHEW Stewart, Tracts Phj/s. 4" Math. 
Tract I. The subject is there treated in a manner 
itxitily gecfmetrical. 

jjL Lastoe, Uv. 2^S torn. iit. 
VrsfcE^ Jitron. chap. 3l. vdl ii. 

Theorie Je9 Mouvemens des Planetes, par M, La 
Pricpr, I'^epartie, Paris, 1784r 

0^2 Skct. 
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Sect, IT- 



OF THE FORCES WHICH DISTURB THE ELLl^TICAI. 

MOTION^ OF THE PLANETS. 



TT BEN tEere are only two bodies t&at gravitate to 
one another, with forces inversely as the squares of 
their distances, it appeara from the last section 
Uiatthey move in conic sections, aitd describe, about 
ttieir common centre of gravity, equal areas in equal' 
times^ thai centre eildier remaining at res^ or mo- 
wiag uniformly in a straight line. But if there are 
three bodies^, tlie action of any one on the other 
two, changes tEe nature of their orbits^- se that the 
determination of their motions becomes a. problem 
of the greatest difficulty, distinguished' by the name 
of THE Problem of toe raftBs bodibss 

The solution c^ thb problem, in its ittmost generali- 
ty, is not within the power of the mathematical 
sciences, as they now exist. Under certain limita- 
tions, however^ and such as are quite consistent 
with the condition of the heavenly bodies, it ad- 
mits of being resolved. These limitations are, 
that the force which one of the bodies exerts on the 
other two, is, either from the smallness of that bo- 
ijy or its great distance, very inconsiderable, in- 

respect 




^ respect of the forces which theae two exert on one 
another. 

The force of this third body is called a disluTbing/orct, 
and its effects in changing the places of the other 
t, two bodies, are called the disturbances of the «ys- 
. tem. 

Though the small disturbing forces maj be more than 
one, or though there be a great number of remote 
disturbing bodies, the computation of their combi- 
ned effect arises readily from knowing the effect of 
one; and thei'efore the problem of Three bodies, 
inder the conditions just stated, maj be extended 
to any number. 

Two very different methods have been applied to the 
solution of this problem. The most perfect is that 
which embraces all the effects of the disturb- 
ances at once, and, by reducing the momentary 
changes into fluxionary or <lifferential equations, 
proceeds, by the inlegralion of tbese, to determine 
the whole change produced in any finite time, whe- 
ther on the angular or rectilineal distance of the 
bodies. This method gives all the inequalities at 
once, and as tliey mutually affect one another. 

The other method of solution is easier, and more 
elementaiy, but much less accurate. It supposes 
the orbit disturbed to be nearly known, and pro- 
ceeds lo calculate each inequality by itself, inde- 

y pendently of the rest, It cannot, therefore, be 
Q 3 exact, 
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enct) and gtyen poly a first approximatipii to tht 
quantities sought ; but being far simpler than the 
pther^ it is much better suited to the dements of 
ycience. It is also the original method;' aniid 'Uuit 
which was first applied by Sir Isaac Nevtton to 
taplain the irregularities of the Moon^s mption. 
The same has been followed and improved by Ca- 
LBNORiNi, in his (JommfitUary qn tke thijcd Book of 
the Principia ; by Fri^i in his Cosmpgraphia ; and 
by yiNC£, in the second voluine of hi^ Astr^momy. 

•The other method was not invented till sevend yean 
later, when it occurred nearly about the same time 
to the three first geometers of the age, Ci.airaut, 
EuLER, and D'^Alembert. It was followed alsq 
by ]^ayer, and sQvqra^ others, but particularly bj 
La.Plac^, who, in th^ Mecanique Cdeate^ has gi- 
ven a. complete investigation of the inequalities bodii 
of the primary and secondary planet^. 

I shall explain the resolution of the fbrces that is 
in some measure common to both method^ ; and 
;ihall shew how their effects are to be estimated in 
some simple instances, going from thence to the 
'enumeration of the results. I begin with the 
Moon'^s irregularities, as the easiest case of the pro- 
blem. 

, r .. . 

£4S« The Moon, in her motion round the 
Earth, is disturbed by the action of thie Sun ; her 
•gravity to the Earth is increased near the quadra- 
" ' ' tures, 
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res, and diminished both at the opposition and 
e conjuntrtion, and the areas described by the 
(Hjis rector, except near the quadratures, are iie- 
if exactly proportional to the times. 

. u. Let ADBC (fig. S5.) be the orbit, nearly circular, in 
vhich the Moon M revolves round the Earth at £. 
Let the Sun he at S, and let the Unci SE denote the 

SE' 

force of the Sun on the Earth ; then ^^ is the 

attraction of the Sun oq the Moon at M ; let MG 
be equal to this line, and joining ME, let the pa- 
rallelogran> KF, of which 6M is the diagonal and 
ME, produced, one of the sides, be described.; and 
let HS be drj^wp parallel to ME. 

The force MG may be resolved into the two MP, 
ME, of which MF, directed toward the centre E, 
increases the gravity of the Moon to the Earth, 
and does not hinder the proportionality of the areas 
described by the radius vector, to the times. 

The other force MK draws the Moon in the direc- 
tion of the line joining the centre of the Siin and 
K^h ; but it is only the excess of this force abpve 
that by which the Sun draws the Earth, that dis- 
, turbs the relative position of the Moon and {larth. 
If, then, ES denote the force of the Svp qn the 
. Earth, KH will be the force by which the Sun 
S draws the Moon from the Earth, in the direc* 

Q 4 tion 



III 



'k<* 
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^0X1 of the line passing through the centres of tb<) 
iSim and Earth. 



k . > 



This force at the conjunc^inif ej^ceeding that part of 
the distuiWng force wfaicfa draws the Mpoi| to the 
Earth, (en4s to diminish the Moonls gf aritj to the; 
^Barih. At the oppositipfi B \t dqes the saniie^ bj 
becoming negative ; for the Earth is then drawn 

more than the Moon, and the differefice fs neariy 

•■'■*» 

the same as at the conjui^cfioif. 

^. If MN be taken equal to ^E, and NO n^de per? 
pendicular to the radius vector, the force MN i^ 
resolved into two, one directed from M to O, les- 
sening the gravity of the Moon to the Earthy and 
the other directed from O to N, parallel tq the tan- 
gent to the Mqqn'ls orbit at M, and therefore acce- 
lerating the Moo^ from O to A, retaf ding her from 
A to D, and sp alt^fnately in the pthe^ two qua- 
drants. 

At the qiiadrattir^s C afid fi| ^e force ^K vanishes, 
and the Qnlj remaining force is djrccte^ to the 
.centre of the Earthy $p that the are^s are there prp- 
portional tq the times. 

c. The analytical yaliies of thes^ foir^es are next to be 
found. Draw CEB ^he line of th^ quadraturesj^ 
put SE == o, EM the radius vector of the Moon^^ 
orbit = r, the angle CEM = x, and the mass of the 
Bun = lit. The force that retdns the Earth in its 
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4M 

;»rbit = r-=; ako the Sun'i force on M in the di- 



ime BK, or MN, is finup4 s 



~ .?rsip*,Mp=2L.3rgin»»,and 



03 



NO = -T .3rsin«xcoi*=: — . -— sm3ai;. 



AboMF = ^, 



;pejeeting all the tenns involving powers of A great- 

er than the fifst; and therefore MF — MO, or 

.the w|iole fprc^ with which the gravity of the 

IM^oon to the Earth is increased or diminished, 

if — (1 — 3 sin^ at). This last force is 0, when 

38ip^Ar=l, or sin«= -rsj that is, when 

* = 36M6'.6'<. At the quadratures it b + i^, 

Sfa& 

imd ^ the opposition and ooiyupction -r- — r- * 



The 
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The mean quantitj of the force — y- (1 — * S sin «^), 
for an entire revolution, u fonnd by miult^ying it by 
ff, when it beeofloiei^ {i^SiiU^m)^ the fluent 



a 



of which, or the «um of the disturbing forces = 
-^ (*— g *+ ^smAfXcof*); 

and this, when » is an entire drcuniference, be** 
mr 



comei — * -7- X 3 • This must be di¥i4ed by sr. 



mr 



and it gives — ^ for the meiui distiirbibg force 

acting on the Moon, in the direction of the radais 
vector. 



250. Hence, at the quadratures, the gravity of 
the Moon to the I^arth is increased by ^ quantity 
equal to the mass of the Sun muhipired ufto the 
radius of the Moon's orbit, and divided by the 
cube of the Sun's distance' from t)ie EaMh ;.«( the 
opposition and conjunction it is diminished by 
twice this quantity; and the effect upon the 

whole 
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whole is a diminution of the Moon^s gravity, 
^mounting to one^half of it, or to 4--r- . 

' The disturbing f(»t:e in the direction of the radius 
vector majr be more convenientlj ^qpressed ; for if 
F be the force b^ w|iicl) the E^h attracts the 
Moon, P the periodical time of the Earth'^s revolu- 
tion round the Sun, and F that of the Moon roun4 
J,he Earth, it ba^ been fdreiidv shewn, thi|t 

ni -, a 



a 



pa ^ p'a * 



•ad ^ :F:: ^ : ij :P'»:P». 



2-j- is therefore nearlj p^ of the Moon^s gra« 
vity, and the meap disturbing force = .«-^ • 



B51. From the diminution of \itx gravity by a 
SA8th part, the Moon describes her orbit at a 
greater distance from the Earth, with a less angu^- 
)ar velocity, and in a longer time, than if she 
were ui^d to the Earth by her gravity alone. 

....If the solar action were to cease, the Moon would 
. ■ I r ^ pofi^ nearer to );he Eartb| and would desqribe her 

orbi| 



'. J 
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,orbit in left time. As the area described bj tbe 
radius vector in the prunitive and the disturbed oiw 
bit is the same, it can be shewn, that in conae- 
quence df ihe mean disturbing force, the radius 
vector is increased bj a S58th' part, and the angu- 
lar vQJocity diminished by a I79tb part. 

'ExpotUion 'du SyHeme du Jfffiuk, l4u^- T. p. 213, 
• ^edit 



S52. The annual equation is an irregularity in 
the Moon's motion, arising from tht( variation of 
the Sun's distance from the Earth, aad bearing a 
given ratio to the equation of the Sun's centre. 

Since the Sun^s disturbing force is inversely as the 
cube of his distance, when he approaches the 
Esurth at the perihelion, the Moon^s motion is slower, 
and, for the same reason, at the aphelion, it is 
quicker than the mean. This produces what is 
called the (uvnual equation^ equal ne|u*ly to (IIMS"'} 
X sin Sun'^s mean anomaly. 

This has a contrary sign to thf equation of the Sun\ 
orbit, 

25S. An inequality in the san^e disturbing force 
depending on the position of the transverse axis of 
the Moon's orbit, in respect of the line drawn 
from the Earth to the Sun, produces the equa- 
tion 
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tion already mentioned by the name of the Evec- 
riM, § isg. b. 

When the transivetse axb of the Moon^s orbit is di- 
rected to the Sun, or lies ill the line of the syzj- 
gieiy because the force, taken in syzy^es from the 
gnmtation of the Moon, is, caierts paribus^ propor- 
tkmal to her distance tmai the Earth ; it hgreat- 
est when the Moon is in the apogee, and least when 
the Moon is in the perigee : the greatest possible 
dhninution is therefore made from the quantity 
t!hat is already the least, and the least diminution 
from that which is already the greatest ; their dif- 
ference therefore is augmented^ and the motion at 
t&e apogee made slower than usual, and at the pe- 
rigee faster. When the line of the apsides is in the 
quadratures, the contrary happens ; the gravitation 
at the apogee is most augmented, and «t the peri- 
gee least augmented : the difference therefore is di> 
minished. 

In the former case, the equafioirof the centre appears 
to be increased, and in the second it appears to be 
diminished. The quantity is — (1 ^.gCSe^ mul- 
Uplied into the sine of twice the Moon^s angular 
distance from the Sun, minua the mean anomaly of 
the Moouv Mayer adds another term to the evec- 
tion, equal to +26'' multq)lied into the sine of 
double the preceding argument. Theoria Luruc^ 
Lond. 1767, § 60. 

254. The 
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5254. The Variation is an equation derived ftorh 
the force at right angles to the radios tectof, 
which, from the quadratures to the syzjgies, ac- 
telerates the iiiotiou of the Moon, and from the 
syzygies to the^uadlratures retards it. This force 
was found to be proportional to the sine of twicer 
the Moon's angular distaiKe ffom the Snfi, and 
the equation itself is nearly proportional to the 
same quantity* 

If tbe angular distance of tike Mood frOm the Sutf 
= A, the Tariation, according to MATitty is == 

+ (36';47") sin 8 A 
+ (2'0 8i»3\i 

l^eslde the above inequalities, first found out by oR 
fietratiod, and ho^ explained by' ihe theory bf gra« 
▼ity, there are several others of smaller amount, 
which theory alone has dbcovered; all that ob- 
serration could de^ being to asceitam thai some 
unknown inequalities existed, which inthxluced 
an unoertaiuly into all the calculatioiis of the 
Moon^s place. These have been separated by the 
theory, and the Tables, by that means, brought to 
agree very nearly witii observation^ 



S55. One of the equations which theory has dis- 
covered, is remarkable for the great length of k^ 

period. 
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period, btmg do less than 85 years. It depends 
on the position of three lines ; the axis of the 
Moon's orbit, the axis of the Earth's orbit, and 
the line of the Moon's nodes. It amounts to 

14^ sin (fi Long. Node + Long. Perigee c -*- 
6 Long. Perigee q) . 

' MecamqiK Ctkite. Also Preface to the New Tablet^ 
Vincb's Astron. torn. in. 

956. The inequality Called the accekration of 
the Mpon^ by which her velocity appears subject 
to continual increase, and her period to continual 
diminution, has been found by La Place to be a 
secular equation, (depending on a change in the 
eccentricity of the Earth's orbit), which does not 
run through the circle of its changes but in the 
course of several thousand years. For many cen- 
turies to conie it may be nearly expressed by this 
formula, where n denotes the number of centuries 
from 1700, 

+ 10'.181621268 X »* + 0''.0185384408«3 . 

-The other lunar inequalities respect the orbit itself, 
where, in consequence of the Sun^s disturbing force, 
these three elemejUs are subject to change, viz. The 
position of the line in which the plane of the orbit 
cuts the plane of the ecliptic ; also the angle in 
which it cuts that plane ; and, lastly, the direction 

ef 
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of the transverse axis of the orbit, or of the line 0/ 
the apsides. 

S57. The motion of tfae litie of the nodes is pro- 
duced by that part of the Sun^^ disturbing fotce 
ivhich is in the direction of the sttaligfat line 
joining the centfe^ of the Sun and Earth, and 
proportional to the distanet of the Mooii from a 
plane passing through the centre of the £arth at 
right angles to the line joining the centres of the 
Sun and Earth. 

Suppose the Moon to be oti the smne sicle of the last - 
mentioned plane that the Sun is. Then, if in the 
direction of her motion for the instiint just past,' 
there be taken a Iii<e equal to the spaccf passed over 
in that instant, and if in the line drawn through 
the Mooin, perpendicular to the abov6 plane, onf 
the side opposite to the planfe, there be takto a 
part equal to the space which the force urging the 
Moon from the plane would h'tfve made her de- 
scribe in the same time, then tbe trtte path of 
the Moon will be tbe diagonal of (he pnralleloghim 
under these two lines ; and the momentary 
chantge in the placfe of the ncde wiB be the distance 
beti^een the point where art arch having the direc- 
tion of this diagonal* and another having the direc- 
tion of its side, meet the plane of the ecliptic. The 
same will happen in other situations of the Moon, 
and the line of the nodes will thu9 have a motion 
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iii a edbtnurj direction io the motion of the If oott^ 
that iBy a retrograde motion^ or in anteoedeiUia* 

258. From this, Newton has shewn, that the 
liorary motion of the node at any time is to 
3 d^. 1779 ^ the product of the sines of these three 
angles* the distance of the Moon from the quadra- 
txuc, the distance of the Moon from the node, and 
the distance of the node from the Sun^ to the cube 
of the radius. 

Princip, lib. Hi. prop. 31. 

When any one cff the abo^e tfarte sines becomes ne- 
gative, the motion of the node, from being retraf- 
gradej becomes progtessite. 

i5Q. The mean horary motion of the node, 
tvbich arises from taking the average of all the 
liorary motions, is to 16^.S771 ds the square of the 
^ae of the distance of the node from the Sim to 
the square of the radius. 

thid. cdr. 

Hence the mean motion 6f the nodes tbr a sj^derial 
year is lif.W.l^A, which is not far from the re- 
Bidt of astronomical observaticitr. 

Vol. II. R 260, Fron* 
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260.' From the same cause arises a variation h 
the inclination of the Moon's orbit to the ecliptic ^ 
confined within very narrow limits. A construe — 
tion for determining the inclination for any givec^* 
time, is given ibid. prop. 35., and is found to agre^^ 
with observation. 

What respects the motion of the nodes is ttus coin — 
pletely explahied ; and it is here that the tndirtc 
method of determining the Moon^s inequalities ha 
been most successful. It has not been equally sczJi^ 
in ascertaining the motion of the apsides. 

To conceive, in general, the cause which renders th^* 
* apsides of the Moon^s orbit more than 180 degrees 
distant from one another, we must begin with sup- 
posing the Moon at the lower apsis ; then, if that 
planet were acted on only by the force of gravity, 
the radius vector, after it had described 180^, 
would arrive at the upper apsiSy or would be inter- 
sected by the orbit at right angles. 

But as the mean disturbing force, in the direction of 
the radius vector, may be considered as a quanti- 
ty constantly taken from the Moon's gravity, the 
portion of her path described in any instant, will 
fall between the tangent and the arch of the ellip- 
tic orbit which would have been described if the 
Moon had been acted on by gravity alone. The 
actual path of the Moon, therefore, will be less 
bent than the elliptic orbit would have been in the 

same 
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• kMOb tim^, and will not come to intersect: .the ra- 
dius vector at right angles^ till this last b&a moved 
bver a greater arch than 180°. Hence the solar 
force, hy lessening the Moon's gravitation to the 
Earth produces aft advance in the place of the 
apsides, in the direction of the Moon'*s motion. 
If the same foree had been added, it would bav^ 

' jiroduced a motion in antetedentta: 

The precipe quantity of the motion of the apsides is 
not, however, easily determined. Newton left this 
part of the theory almost untouched ; and the onlj 
theorem which he gave, having any reference to it, 
made the miotioh only half of what it is found m 
teality to be. Machin was, I believe, the first, 
who, after Newton, attempted this investigation ; 
he has only mentioned the result, which is very ex- 
a<;t, and the principles on which hb reasoning was 
founded, viz. that from the disturbing force in the 
direction of the radius vector, he determined the 
Moon's nearest approach to the E^rfh; and farthest 
recess from it, supposing that hut for such disturb- 
ance, the Moon's Orbit would have been a circle : 
from this also he found the time from the lowest 
to the highest apsis. 

This method was afterwards adopted by Dom. Walms- 
LEY, and by Dr Mathew Stewart, wf)o both de- 
rived from it the true motion of tlie fipsiJes, by in- 
t«?stigations extremely ingenious, and that of the 

R 2 latter, 
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klter, pirtieolsrly di«tinguished for its geometrical 
elegance. Dp Stbwjat has demoBstrated this 
tbeofem : 



S61. If r be the radius of the Moon's orbit, 
supposing it to be a circle, and acted on only by F, 
her gravity to the Earth. Then if a mean disturb- 
ing force 3=/ be supposed to diminish the Moon's 
gravity, the greatest distarrce she will go to from 

F 3f 

the Earth is r x ,ij" ; . . ; and the cube of this 

^ — V 

distftQce will be to the cube of r in the duplicate 
ratio of the angle described by the Moon from 
one apsis to the next to two right angles. 

T^rads MM. 4* P^9. Tract iv. prop. 27; also 
SU1C9 Distance, prop. ix. 

Hence the angle described from one apsis to the 



next = f^—^f^] X 18(r. 

Frisi has adopted the principle of Macbin, including 
also the action of the forces perpendicular Co. the 
radius vector. Opera, torn. in. p. 380. 

▼iHCB, in the Sd volume of bis Ji^rofiomy, has com- 
puted the motion of the apsides according to tbi» 
last nMthtdx and mtk9$ the quantity of it in a sy- 

derial 



I 
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I' deiial revolution of the Moon, 3''.8'.SS*.S0 i end 

in a year-40°.40'.20. 

Mater's Tables make the latter 40°.41'.33". Dr 
Stewart's TIteorem gives 3''.1'.20% supposing -L 

~ ^^ ' ^^^ value assigned to it, § 850. 

The result of these investigations, therefore, 

nearly with observation ; hut it cannot be denied ] 
that the principle on which they are founded L 
able to some objections, so that if it were not for I 
the information derived from the direct solutioa | 
of the problem of the three bodies, it might still be j 
doubted, whetlier the principle of gravity account- | 
ed exactly for the motion of the Moon's apsides. ] 
Clairaut, who first compared the residt of that I 
solution with observation, met with the same diffi- I 
culty that Newtob had done, and found that his for- 
mula gave only half tlie true motion. He there- 
fore imagined lliat gravity is not inversely as the 
squares of the distances, but follows a more compli* 
L cated law, such as can only be expressed by a for- 
■ _ niula of two terms. In seeking for the coefGcient 
" of the second term, he was obliged to carry his 
approximation farther than he had done before ; in 
consequence of which, the coefficient he sought for 
came out equal to 0, and the motion of the apsides 
Tvas found to be completelj sxpli^ned hy the sup> 
R 3 position. 
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'• jMMition, that the force of gravity is inversely as the 
square oif the distance. 



262. Since, by the Moon's inequalities, the ra- 
tio of the Snn?s disturbing force to the force with 
which the Moon gravitates to the Earth becomes 
known ; if the ratio of the former, to the whole 
force retaining the Earth in its orbit, could be 
found, the ratio of this l^st to the force of the 
Earth on the Moon would also be found, and from 
theiice the ratio of the distance of the Moon to 
the tlistance of the Sun from the Earth# 

• : 

The lattei: ratio would be givep, becauseif F andjf 
9re tbj^ forces that retain the Earth and the Mooq 
in their orbits ; if a and r are the radii of those or- 
fcit?, P and p the periodic tim^s, 

and so if the ratio of F to F^ be given, P an^ p be- 
ing also given, the r^tio of a to r is found, 

In this way the Sun's distance might be found fron\ 

^ his own force to disturb the Moon, the idea of 

, Which appears first to have occurred to Dr Ma- 

' THEW Stewart. The principal difficulty is to 

■ Jfiild 'the ratio of the disturbing force of the 

i^iiii to the force which the Sun exerts ^on the 

■j^actli.'^ ' If tie expression of that force was^'carried 



.1 
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no farther than to involve the nmple power of !1 ^ 

a 

the investigation would lead to nothing, i^ a woul4 
disappear^ from the equation ; but if it be cigrried 

to tihe terms that involve — , an equation maj be 

foynd from which a can be determined. Dr S^rsw- 
ART, therefore, having first compared the mean di- 
sturbing force with the gravity of the Mepix to the 
Earth, from the inotion of the apsides, proceeded 
to determine the ratio of the former force to the 
force that retains the Earth in its orbit, bj carrj- 
ittg the approximation to the terms that involved 
the square of the Sun''s distance, and from that 
computed the Sun'^s parallax at 6". 9. Suji*s distance, 
prop. 10. 

This value of the parallax is no doubt too small ; it 
is only an inconsiderable part of the disturbing 
force of the Sun, into which his distance enters as 
an element, and therefore any deduction founded on 
it must be liable to error. 

Mayer has also sought to determine the Sun's paral- 
lax from one of the lunar equations, as deduced 
from the solution of the problem of the three bodies. 
The coefficient of this equation involves the Sun's 
parallax, and gives it equal to 7'^8, and Mayer 
thinks that the error cannot exceed a 24th part, 
Tkeoria Lnna, § 51. 

R 4 263. The 
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S6S* The Tables of the Moon's motions in the 
state to whipfa tiiiey are now brought, contain S8 
equations for the longitude of the Moon; 12 for 
the latitude, and 13 for the horizontal parallax, 
pr the distance of the Moon from the Earth ; and 
their greatest probable error does not exceed 12 se- 
ponds. 

It is very louch to the introduction of the equation 
of the period of 85 years, which nobodj hffore 
La Place h^ discovered, that the superior ac- 
coracj- pf the New Tables is to be ascribed. 

The obserrations at Greenwich bare afforded the 
data from which (he theory of gravity, and the 
jnt^al calculus bare extracted these niemomble 
reii|l(s. 



Sect. 
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SECt. IIL 

« 

il^TURBANCES IN THE MOTIONS OF THE PRIMA- 
ET PLANETl PRODUCED BY THEIR ACTION ON 
ONE ANOTHER. 



Jt is necessary, in tbif inquiry,, to know the quanti- 
ties of matter in the different planets ; and these 
iiave been already calculated for the planets which 
have satellites. The masses of Venus and Mars 
have been computed by M. La Place from some 
disturbances which they appear to produce on the 
Earth'^s motion. The mass of Mercury has been 
estimated, from supposing his density, and that of 
the Earth, to be inversely as their mean distances 
from the Sun. This law holds with respect to 
the Earth, Jppiter and Saturn, and analogy autho- 
rises the extension of it to Mercury. From know- 
ing the density and the bulk, the quantity of mat- 
ter is inferred. The mass of the Suq being 1, 

that of Mercury is ggg^, of Venus ^Ig^, 
of Mars .^.^aaax , those of the others being at 



idready stated^ § 2i5. 

The 
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The gravitation of one planet to another, is expres^v 
sed hj the quantity of matter in each, diyided by 
the square of the distance ; and therefore the two 
bodies tend to come together with a force that is as 
the sum of their masses divided by the square of the 
distance ; so that when the motion of both is re- 
ferred to one only, the force must be expressed by 
the sum of the masses divided by the square of the 
distance. 

The disturbances produced by the action of the pri- 
mary planets on one another, are of more diffioult 
investigation than' those produced by the Sun on 
the motions of the Moon, because the disturbing 
body is pot at an immense distance, ^ in the lat- 
ter case. The only sure way of subjecting them to 
calculation, Is by a dii^ect^ solution of the !Problem 
of tlie Three Bodies ; the part of whicb that may^ 
be accounted quite elementary is how to be consj- 
4erecl. 



c 



264i The forces which act upon a body, to 
however many centres they tend, 'and whatever 
law they rhay-obey, may be res6Tve4 Ifitb the 
directions of three lines or d.r€s, given in position, 
at right angles to one another, . ;. 

This is evident from Dynamics, vol. i. § 70. 

The advantage of this resolution of fbrces for deter- 
mining the motion of a. body attracted to soBi^eral 

centres, 
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centres, appears to have been first suggested bjT 
'M^AChMVRiVi FluKumt, §470. . It hps beei| very 
useful in the solution of the problem of The three 
bodies. 



265. Let S be the Sun, (fig. 26.), and P 
and P' two planets refernsd to the', plane of 
the ecliptic, each by three rectangular co-ordi- 
nates, PQ, QR, RS, and FQ; Q'R', R'S, pa- 
rallel to the three axes SO, SN, NM : let 
SRzi.r, RQ=?=^, PQ = ^. Let all the forces 
that draw P in the direction of SM, or in ^ line 
parallel to d\ whether arising from the action of 
the Sun S, or the Planet F, be denoted by F ; all 
those in the direction of SN or j/ by F ; and those 

in the direction of SO or ^, by F" ; and let t be 
the momentary increment or fluxion of the 
Jime ; 

• • • 

y = — F'tS and 
From the principles of Dynamics, (1. § 100.) 



X 



P7- rap = t?i?; and (l.§56,)»=: ^-, so 



that 



l?=5S 



ftS$ OUTLIN18 or NATURAL PHILOSOPHY* 



• =:^l^ bopaiMe I is supposed oopitaBt^ tbeif* 
i 

• •• • •• 

fore » » = 4 X 4 = ""^T > ^^ hence 

it « 

^ F X s: 4r, or F = — T- 

that is x = — F i * . 

In the same manner are found the values of 5^ and 

of z , 

On these ^hree equations is founded the solution pf 
the problem of The three bodies. 



S66. The same things being supposed, let the 
co-ordinates by which the planet P' is referred to 
the ecliptic be y, y , z' ; let SP zz 

^^a +y^ + ;2* - r, SF = V ^^ +y* + z'' ^ r' , 
and the distance of the plapets, or PP' =; 



n/^ — ^0'+(^— y)* + (^— ^r^y. Also 

let ni be the mass of the planet P, and m' that of 
P', the fflftsd of the Sun l^eing 1 . The whole force 

parallel 
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parallel to x or SM, that affects the relative mo- 
tion of P to S^ is 

(I -^-m^x y ni x' j. m*q 
^ ^ q X 

f'or the action of the Sun on F being resolved as 
above, the part of it tiiat is in a direction parallel 

to X or to SM is — ; and the action of F on F 

being resolved in like manner, the part of it paral- 
lel to SM is — \x — x) ^ Now, supposing x to 

vary bj the momentary increment or fluxion «, x^ 
remaining constant, the increment of 9, or 9 will 

be such that 4- = ^~* » and therefore 

X ^ 

— ^— J ^ = — ?•, which, therefore, is the force 

by which P' acts directly on F ; and if to this be 
added the Sun'^s force in the same direction, viz. 

-J. , the amount of the dirtct action of S and F' 



on F, in a line parallel to SM^ is -^ + — ^. 



q^ X 



Now, 
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Kotv, the Sun, hj the united action of the phnets t 
and P^, is drawn in the direction opposite to ths 

last by a force = — — l -^ . , and as the Sun is 

here considered as immoveable, we must conceive 
this force to be transferred to P in the opposite di- 
I'ection. 

^hus the whole action on f*, or the force F=: 

X mx vti x' w! q 

T "^ — T" ^" — ^7~ "^ "I^S 

fi r* r^ q X 

(i -\-m) X m' x' tn g 

■~ r* ''■ 75- + ^-^ 

By writing in this formula y, y and y, instead of*/ 

•(i + m)v »»'y w^. 

«'andx, we have F= — —^ + V» "*" 7J' 

and in like manner 

The substitution of these values of f*, &c. in the 
three formulas of the last article, will give three 
fluxionary equations, On whith the motion of F 
depends. 

The same being done for P', there will come out six 
fluxionary equations, from the integration of 

wbiclt 
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Ivhich the motions both of P and P' may be (k- 
termined. 

ll'his is the problem of the Three Bodies, as far as 
the principles of Dynamics are concerned. The 
/Test depends on the integral calculus, and involves 
a multitude of investigations which do not belong 
to this place. See Memoir of La Place^ mr le^ 
InegalitSs de Jupiter et Saturn, Acad, des Sctence9, 
1785. Also Mecanique Celeste, liv. vi. 

What is given above, is merely an elementary expo- 
sition of the dynamical principles employed ia 
these investigations ; a sketch follows of some of 
the most important conclusions deduced from 

. ♦ them. 



267. The place of evefy planet in its orbit, is 
changed by the action of the other planets, and 
the orbit itself is changed in all its elements but 
two, the mean distance from the Sun and the mean 
motion of the Planet* 

a. In the orbit of a planet, the line of the nodes, the 
inclination to the plane of the ecliptic, the line of 
the apsides, and the eccentricity, all vary. The 
lines of the nodes arid of the apsides revolve conti- 
nually ; but the inclination of the orbit and its ec- 
centricity are only subject to small periodical va- 
riations on each side of a mean, \roiw which they 
never depart far. 

t>The 



A7S OUTLINES OF NATURAt PHiLOSdPftir. 

h. The quantity and directum of these motiohfli^ tH 
determined bj the theory of grarity, agree entire- 
ly with the remits of obtetration. 



S68. Mercury is so near the Sun, that his place 
in bis orbit is not sensibly affected by the action 
of the other planets ; but his orbit is nerertbele^ 
disturbed, both in its form and position. 

a. The disturbances of ihe foiir elements of ihe orb^ 
are as in the following Table, where, instead of the 
secular change of the eccentricity, that df the great- 
est equation of the centre is set down, llie fir^t 
column gives the planet, to which the disturbances 
opposite to it in the succeeding columns «re to be 
ascribed ; the second is the annual motion of the 
nodes; the third of the apsides, both in respect of the 
fixed stars ; the fourth coittains the secular yaris- 
tions of the inclination; the fifth tboise of the 
greatest equation of the centre. 



A.ciion of 


Node. 


ApheL 


lBe.(M-l>. 


Eq. Cent. 


i 




- 6".57 

— 87 

— 0.14 

— 8 18 

— .18 


+ 4*.14 
+ 0.84 
+ 0.04 
+ 1 .56 
+ 0.08 


+ S".04 

+ 0.58 

— 0.88 

— 1.86 
+ 0.08 


+ 9^.46 

+ 0.8tf 
+ 9.87 
+ 1.04 


'«•■" ■ .r- 


—8 .88 


+ 6.66 


+ 8"-16 


+ 80.43 



Tht 



The sign — f when applied to the node, or the aphe- 
lion, implies that the motion is retrograde. 

h. The motions of the node and of the apogee, given 
in Astionomical Tables, are different from the 
above, as the annual precession of the equinoxes 
is included. Thus the annual motion of the 
rode is — S".98 + 50".25 = + 41".27 , in respect 
of the equinoxes, though it is only — 8".93 iii re- 
spect of the fixed stars, 

k69. In like manner, the place of Venus in her 
(rbit is not sensibly disturbed, but the ovbit itself 
subject to change. 





Node. 


ApheJ. 


Inc. Oib, 


Kq. Cent. 


By 5 

e 

V 


+ 0",!6 

— 7.46 

— 6.69 

— .2H 

— 5.13 

— ,09 


— 4-.30 

— S.09 
+ I.IS 
+ 6.3S 
+ O.OS 


+ r.oi 

— .42 

+ 2 .60 
, 0.33 


— 9".02 

— 9.02 

— 0.64 

— 6 .16 

— 0.14 




— 1*".70 


+ 1S".« 


+ 4'.*7 


— 24-98 



270. In the orbit of the Earth, the apsides 
hove forward annuaiJy at the rate of 1 l".8077I9 
p respect of the fixed stars ; and the eccentricity 
liminishes, so that the secular variation of the 
greatest equation of the centre is — 1 J ".66. 

Vol. II. S «. Of 
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^. Of the motidh'df ib^ t|Hiidta^ 5^ h due to Venusf 
I'^itd Mfars, ktidB'^.i to tFopHer ncaiiy. 

ft* In the secala^ diitiittiition of the e<|Uatioii to the 
ototre, + V.lft is the effect <tf Venos, — 4'^94 of 

' Iiffars/-i-16^:0S of Jupiter, and the r€§t b produ- 
ct ibl)r Mcfrdixy Biid Satunir 

271. As it is not the centre of the Earth, but 
the centre of gravity of the Moon and' Earth, 
which describes equal areas in equal times, about 
the ecritre of the Sun^ the regularity of the Earth's 
motion is disturbed on that account, and ttte 
Earth is forced out of the plane of the ecliptic. 

^. -The iTFeguIarities tbu^ cottimanieated to the Earth 
furp, hy observers on its surface, transferred to th^ 
Sun; the Suny therefore, has a motion in longitude, 
yBy which he alternalely advances before the point 
' that describes the elliptieal orbit in the heavens, 
and falls behind it ; and in like manner alternately 
ascencis above the plane of the ediptic, and descends 
belotv it. 

b. These inequalities are small. The -ma^s of the 
Moon is about ^^th of that Of the Earth ; the 
distance, therefore, of the centre of gravity of the 
Moon and Earth, from the centre of the latter, 
must be less than a semidiameter, and tiierefore the 
inequality in the Sun'^s place must bfe less than hi» 
horizontal parallax* 



c. 



The 
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I;. TJbe greatest latitude which the Sun can -hfiTe, id 
^ual to the horizontal parallax^ multiplied into the 
sine of the Moon'^s greatest latitude. This c^ 
hardly amount to a second ; it is called the moH- 
strual parallax, and was fil*st mentioned by Mr 
Smeaton, PhiL Trans. 1763. S6e dso Mecanique 
Celeste^ tdm. lii. p. 106. 



^72. The place of Mars in his orbit is seinsiblj^ 
kffected by the action of Venus, the Earth, and 
Jupiter. 

.:'Xh^ ptiiicipal inequality produced by Jupiter U 
— 26".6 sin (Long. ^ — Ldng. ii) 

■ . * • * 

+ 16".8 sin (Long. <^ — Long, i^) ; 

By the Earth, T^'.g sin (Long. © — Long. ^) ; 
tmd by Venus, 5'.7 sin (Long. $ — 3 Long. <J) . 

There are, besides these^ some other small equations. 
See New Tahlksy Viitc^'s Astronomy, vol. in. p. 48. 

In the orbit of Mars, the eccentricity is diminisding. 
The secular variation of the greatest equation of the 
centre is — 37''. 

The annual and syderial motion of the aphelion is 
16/^.75 forward, and of the node SS^'.SS backward. 
These motions are chiefly produced by the three 
planets just named. 

S 2 273. Th« 
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S73. The inequalities of the small planets Ju- 
not Vesta^ Ceres and PaUas, have not yet been 
computed ; the disturbances which they must suf- 
fer from Mars and Jupiter are no doul>t consider* 
rable, and, on account of their vicinity, though 
their masses are small, they may somewhat di- 
sturb the motions of one another. Their action 
on the other bodies in the system is probaby in* 
sensible. 

As two of these planets have nearly the satae perio^ 
die time, they must preserve nearly the same did« 
tance, and the same aspect with regard to one ano- 
ther. This offers a new. case in the computation 
of disturbing forces, and may produce equations 
of longer periods than are yet known in our sys- 
tem. 

m^. The action of Jupiter and Saturn on one 
another, produces an inequality in the motion of 
each, of considerable amount, and of a long pe- 
riod, viz. 91 8.76 years. 

a. If n express a number of years reckoned from the 
beginning of 1750, S the mean longitude of Sa- 
turn, and I of Jupiter, reckoned from the same 

' time, then the great equation that must be applied 
to the mean longitude of Jupiter, or to I, it 

+ (2a.49' 5 — n X 0".042733) X 
sin (6 S — 8 I + 5«.34'.8'' — n x S8''.88) ; 

and 
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f 
'- ■ 

and that which must be applied to S is 

sin (6 S -^ 2 1 + 6°.34'.8' — n X 58" .88) . 

These equations are to one another nearly in the ra- 
^ tio of 3 to 7. As the quantity 6S — 21 — nx 
68".88, requires 918.76 years to increase from to 
360 degrees, therefore the above equations require 
that period to run through all their changes. See 
La Pi«ace, Mem. Acad, des Sciences, IISB, 1786* 
AUo La LanuB} A»t torn. iii. § 3670. 

275. Besides these two great inequalities, there 
are ten others, arising from the action of Saturn, 
to which Jupiter is subject, and which may 
amount when greatest to 1 1'.56 ; there are also 
six to which Saturn is subject from the action of 
Jupiter, and these may amount to 19' .57 



.-.// 



For the particular forms of these equations, see La 
TiANDE, ibid, and V^nce, Mt- vol. m. p. 94. and 

joe, 

276. The motion of the apsides, and the change 
of eccentricity in the orbits of Jupiter and Saturn, 
are chiefly produced by their action on one ano- 
ther; but in the disturbance which the planes of 
their orbits suffer, the other planets have a sen-- 
slble eflfect. 

S 3 JupiTKit. 
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JuPITES. 



1 


Node. 


9 

o 


4-0".31 

— 17.66 

— 0.01 

— 0.39 

— 6.95 

+ 5'.88 




— 19''.34 



a. 



Aphel. 



Inc. 



+ O'.Ol 
+ 0.01 



0'.»6 
17.67 



- 1.06 
+ 6.56 ^ 7i»l 



—27'. 11 



E^Centj 



— O'.OS 

+ 6^.28 



+ 66"26 



h. 



Saturv. 





Node. 

— 0".ll 

— 8.66 

— 0.14 
— 12 .28 

— 0.14 


■ 

Aphel. 


Inc. 


Eq. Pent 


9 

? 



n 


+ 15 .99 


— r.i 

—26.65 

— 1.25 

+ 5.88 


- 1'.S0«.6 




— i^c-gs 


+ 15.99 


— 23''.11 


-1.50f.6 



f. The ecceiitrkity and the greatest equation of tf|i^ 
piter, vf^ increasing^ from the action of Sattirn ; 
and those of Saturn decreasing, from the re^ctioq 
of Jupiter. Their secular variations are nearly U| 
the proportion of 1 to 3. 

t 

277. Uranu^ 
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277- Vranus, on account of his great distance, 
suffers no disturbance in his motion but from Sa- 
turn and Jupiter. The principal inequality de- 
pends on Saturn ; Aphich, if S be the longitude of 
that planet, U of Uranus, and A of the aphelion 
of Saturn, is S' 30* sin (S — 2 U + A^ . 






For the other cquatioDs, see L& Lanoe, Jst. iii. 
3671. Also the New Tables, Visce, Aat.ni. 
106. 



orbit of Uranus is also disturbed. The node 
moves backward at the rate 34 ".25 annually, and 
the aphelion forward at that of 2".55. The eccen- 
tricity increases, and the secular variation of the 
greatest equation of the centre is + li".03. 

When, in the preceding Tables, a planet is represent- 
ed as producing a cliange in the place of its node, 
it must be understood that it does not produce 
this effect by its action on its own orbit, but by its 
action on the plane of the ecliptic. 



27s. Cometi', in describing their elliptic orbits 
round the Sun, have been found to be disturbed 
by the action of the larger planets, Jupiter and Sa- 
turn ; but the great eccentricity of their orbits, 
makes it impossible, in the present state of mathe- 
matical science, to assign the quantity of that dis- 
turbance for an indefinite number of revolutions, 
though it may be done for a limited portion of 
S 4 time. 
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time, by considering the brbit as an ellipsis, the 
elements of which are continually changing* 

TUi is thie method of La GaiwGE, an4 {s foypwe4 ui 
the Mecaniquc Celeste, Fart, ii- chap. 9. 

Pr HalleT) when he predicted the retum of ike cor 
ipet of 1682^ took into consideration the actiqn of 
Jupiter, and concluded that it would increase the 
periodic time of the Comet a little more than 4 
year ; he therefore fixed the time of the re-appear- 
ance to the end of ^be year 1758, pr the begiiining 
ofJ759. 

He professed, howiever, to have made thi^ calculation 
hastilyi or, as he expresses it, levi calamo, Synop^ 
sis of the Astronomy of Comets, 

g78« C;-AiELi^UT, qn calculating with gre^t care 
^nd labour the effects both of Jupiter and Saturn, 
found that the jreturn of the Comet would be re- 
tarded 511 days by the former, and 100 by the 
latter j in consequence of which h^ foretold that it§ 
return to it§ perihelion would be on jhe l^tfi of 
April 1759) 

He Miid at the same time, that he might be out a 
month in his calculation. The Comet actually 
reached its perihelion on the 13th of March,: just 
33 days earlier than was predicted ; thus affording; 
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I ft \ ery remarkable verification of the theory of Gra, 
"vity, and the calculation of Uisturliing Forces, 

■3^bis Comet may be expected again about the year 
[ 1835. The investigations of La Place will ren- 
der 't mucfi easier to calculate the quantity by 
whicli its arrival may be anticipated or retarded by 
, the action of the planets. 

t Comet, which was observed in 1770, had a notioa, 
when carefully examined, which could not be re- 
conciled with a parabolic orbit, but which might lie 
represented by an elliptic orbit of moderate eccen- 
tricity, in which it revolved in the space of five 
years and eight months. This Comet, however, 
had never been seen in any former revolution, nor 
has it been seen in any subsequent one. 



280. Mr BuRKHARDT, on tracing the path of thij 
Comet, found that between the years 1767 and 
1770, it had been very near to Jupiter, and again 
had come very near to that planet in 1779; he 
therefore conjectured, that the disturbance of Ju- 
piter might liave so altered its original orbit, as to 
render the Comet for a time visibtp from the 
Earth ; and may have so changed it again, after 
one revolution, as to restore the Comet to the same 
region in which it had formerly moved. This 
conjecture has been confirmed by a careful appli- 
cation of the formulas of the Mecanique Celeste. 

Mr 
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Mr BuiuuiAKOT found thut the Comet bad cojme so 
.. near to Jupiter between 1767 and 17705 that it 
may have been brought from an orbit of which the 
semitransverse was 13.893, (that of the Earths or- 
bit being 1), and in which it revolved in a period 
of 48.466 years, to one in which the semitrans- 
verse was 3.178, and in which it revohred in five 
years and eight months, as it was at that time ob- 
served to. do. While i^volviiq; in this CHrbit, it 
came near to Jupiter again ; and its time of revolu- 
' tion^ and its distance were so changed, that the lat- 
ter became 6.3889 and the former 16 years* In 
Ibis orbit it cannot, any more than in its first, 
come so near the Earth as to be visible. 

The preceding b the greatest instance of disturbance 
that has yet been discovered among the bodies of 
our system, and furnishes a very happy and uq- 
expected ^plication of the theory o£ Gravitation. 

281. Though the Comets are disturbed in so 
jgreat a degree by the action of the Planets, they 
4o not appear by their reaction to produce any 
sensible effecf^. 

This must no doubt arise from the smaU quantity of 
matter which a Comet contains. 

The Comet of 1770 came so near to the Earth, as to 
liave its periodic time increased by 2.046 days, aq- 
cordi^g to La Placets computation, and if it had 
been equal in mass to the Earth, it would have 

paa^^. 



inade an augmentation of 2^48F nearly in the length 
pf the year. But it is certain, the same author 
adds, that if an augmenta|;ion so great as even 
two seconds in the length of the year, had taken 
place at that time^ it would have been dbcovere4 
^)ni Dr Masj^elyneV observations, when compa* 
red by I)£ Labtbre for the construction of the New 
Asirqnomicdl Tables, The mass of the Comet, 
therefore, cannot have been y-^^th of the mass of 
the Earth. 

• « 

Xbe same Comet passed through the midst qf the sa- 
tellites of Jupiter without producing the smallest 
effept. Mecanique Cefeste^ vol. iv. p. 250. 

It is reasooable, therefore, to think, that no material, 
;or evtn sensible alteration has eyer been produced 
Jn our system by the action qf a Comet. 



Sect. 
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Sect. IV. » 

OF THE DISTURBANCES WHICH THE SATELLITES 
OF JUPITER SUFFER FRO»t THE ACTION OF ONi; 
ANOTHER* 



283. Fh5 application of the same principles to 
the satellites of Jupiter, has fully explained all the 
irregularities which had heen ohserved in their 
motions, and has reduced under known laws seve- 
ral others, of which the existence bad beed indi- 
stinctly perceived. 

A very remarkable relation takes place between the 
mean motions of the first three satellites, as r^ 
marked § 185 ; the mean motion of the first satel- 
lite + twice that of the third, being equal to three 
times the mean motion of the second,, reckoningf 
from any instant of time. La , Place has shewn, 
Mecanique Celeste^ liv. ie. chap. 8. that if the primi- 
tive mean motion of these satellites was near this 
proportion, their mutual action on one another, 
must in time hare brought about an accurate coa- 
fprmiiy to it. 

It 



It follows, that Long. Ist Sat. — 3 Long, 2d Sat. + 
2 Lung. 3d Sat. = a constant quantity ; and it has 
been found, since ever the satellites were observed, 
that this constant tjuantity has been nearly equal to 
180°. This last must be the result of original con- 
stitution. 

1!83. The first satellite moves nearly in the 
plane of Jupiter's equator, and has no eccentrici- 
ty except what h csmmunicated to it from the 
third and fourth ; the irregularities of one of 
these small planets producing similar irregulari- 
ties in the rest. It has beside an inequality chief- 
ly produced by the action of the second, and cir- 
cumscribed by the period of 437-659 days. 

2S4. The orbit of the second satellite moves on a 
Gxed plane, to which it is inclined at an angle of 
2/'. ) 5", and on which its nodes have a retrograde 
motion, so that they complete a revolution in 
29.914 years. 

The motion of the nodes of tlila satellite is one of the 
principal data that have been used for determining 
the masses of the satellites, which are so necessary 
to be known In computing their diiturbauces. This 
satellite has no eccentricity but what it derives 
from the action of the third and tburth. 



23 5. The 
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S85. The thrrd satellite moYes on a fixed plane 
that is between the eqaator and the orbit of Jupi- 
ter, and is inclined to that plafne at an angle of 
12^^0''i its nodes making a tropical revolution, (re- 
trograde), in 141.739 years. 

The eqtiator dC Jupfiter is inclined to the ^ane of hif 
orbit, at an angle of 3^.5^27^'; the fixed pbues 01^ 
which the planes of the orbits moye, are detenai- 
tied by theory, aUtd probably could never be disco* 
vered by observation alone. 

286. The orbit of the third satellite isf tocentric ; 
but appears to have two distinct equations of the 
centre; one which teally . arisen fronl its own ec- 
centricity ; and another, which theory shews to be 
an emulation from the equation of the centre of 
the fourth satellite. The first equation is^ refer- 
able to an apsis, which has an annual motion of 
2^36'3i;'' forward in respect of the fixed stars; 
the 2d equation is referable to the apsides of the 
4th safellite. 

l^hese two equations may be considered as forming' 
one equation of the Centre, referable to an apsis^ 
that has an irregular motion. The two equation? 
coincided in 1682, and the sum of their maxima wtaf 
13'16'\ In 1777, the equations were opposed, &ni 
their difference was 5' 6". 

Observatieff 
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Obsertation aloAe led M. WAadEWTiN to the 'Inow* 
ledge of these inequalitiesi bat he could not disco- 
ver the law. 



287. The orbit of the fourth satellite moves on a^ 
fixed plane, to which it is inelined at an angle of 
14^58'^ and its nodes complete a syderial revolu- 
tion (backward) in 531 years. The fixed plane 
itself is inclined at an angle of 34' 33" to the equa- 
tor of Jupiter ; the orbit is, very, sensibly elliptical, 
and the line of the apsides has an annual motion of 
43'84'^7. 

The motkm of the apsides of this satellite is one of 
the principal daiatrMi which the quantities of mat- 
ler have been delennined^ * > 

28ft. If the mass of Jupiter be supposed unity, 
the mass of the 1st Sat. = .()00Qi7328l 
of the 2d z: .0000232355 

of the 3d = .000088497:1^ 

of the 4th =: .0000426591 . 

If the mass of the £arth be put =: 1, that of the thircf 
satellite will be found .027337, and the mass of 

the Sfoon is gg-^ = .014599 . The quantity of 

natter in the third satellite is therefore about twice 
tSB great as that in the Moon. The fourth satellite is 

nearly 
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equal to the Moon. Mtcaniqtte CdtM^ Hi 
Partie, liv. 8. ebap. 8. 



COfNCLUBlOlirj 

^Q. One general result 6f thesfe irivdstTga- 
tibns is, that both iri the system of primary and se^ 
condary planets, two dem^frts of every orbit rc- 
tnain secure against all disturbance ; the mem dii- 
tancCf and the mean motion^ or, which is the same, 
the transverse axj^s o^, the orbit, .^nd tbe time of the' 
planet's revolution. Another re^nltist that all the 
inequalities in the planetary tbotioHa att periodi-^ 
eal, and observe such laws that each of them, af- 
ter a certain time^ runs through the same series of 
changes. 

Every inequality is Expressed by tehhs 6f tbe form 
A sin M f or A cos 9t f ; where A is a constant coef- 
ficient,^ and iif a certain multiplier of t the time, so 
that n Hs an arch of a circle, which increases pro^ 
portionally to the time. Now> though n t is thus 
capable of indeiThite increase, since sinnf never 
can exceed the radius or I, the maximuni of the in- 
equality is A. Accordingly, the value of the term 
Asinn^, first iivcreases from to A, and then 
decreases from A to ; after whioh it becomes ne- 
* gative^ 
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am 



gatire, extends to = — A, and passes from thence 
to again ; the period of all those changes (depend- 
ing on n the multiplier of t. 

If into the value of any of the inequalities, a term of 



were to enter, the inequality so expressed, wojild 
continually increase, and the order of the system 
might finally be displayed. 

La Grancb and La Place, in demonstrating that no 
such terms as these last can enter into the expres- 
sion of the dbturbances of the planets, made known 
one of the most imjiortant truths in physical astro- 
nomy. They proved, that the system is stable; 
that it does not involve any principle of destruction 
in itself, hut is calculated to endure for ever, un- 
less the action of an external power is introdu- 
ced. 

290. This accurate compensation of the inequa- 
ilities of the planetary motions, depends on three 
conditions, belonging to the primitive and original 
constitution of the system : 

I. That the eccentricities of the orbits are all 
inconsiderable, or contained within very 
narrow limits : 
Vol. II, T II. That 
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« 

!!• That the planets all move in the same di: 

* - * 

- •rection, as both primary and secondary dq 
from west to east : 
JIL Th^t the planeis of their orbits ^re but little 
inclined to one another. 

But for these three conditions, terms of the kind 
inentioued above wojild come intp the expres- 
sion of the inequalities, which might therefore 

increase without limit. 

« 

These three conditions do not ntctB^arHj/ arise 
out of the. nature of motion or of gravitation, 
or from the action of any physical cause with 
which we are acquainted. Neither can they 
be considered as arising from chance ; for the 
probabih'ty is almost infinite to one, that, 
without a cause particularly directed to that 
object, "such a conformity could not have ari- 
sen in the motions of thirty-one different bo- 
dies scattered over such a vast extent. 

The only explanation, therefore, that remains, 
is, that all thh ie the work of inUlUgenee and 
design^ directing the original constitution of the 
si/stem^ and impressing such motions on the parts 
^s were calculate to give stahility to the whoU. 



f 
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Sect. V. 

OF THE ATTRACTION OF SPHERES AND SPHE- 

HOID$. 



291. The particles of matter being supposed to 
attract with forces inversely as the squares of the 
distances, the forces with which similar solids at- ' 
tract particles similarly situated with respect to 
them, are as any two homologous lines, or any two 
similarly situated lines in those solids. 

This .proposition is easily proved of pyramids, and 
frusta of pyramids, of which the solid aAgle is 
indefinitely smal). From thence it is transfer- 
red to all solids which can be resolved into the 
same number of similar pyramids, that is, to all si« 
milar solids. Maclaurin^s Fluxions ^ § 639. 

S92. The same law of attraction being supposed, 
a particle placed any where within a hollow shell 
of any thickness, contained between similar and 
similarly situated surfaces, will be in equilibrio, or 
will be urged equally in all opposite directions. 

T 8 This 
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This follows readily from the preceding. The chief ap- 
plication of the proposition is to spherical or cho- 
roidal crusts. 

A spheroid is a solid boupded bj a surface generated 
by the rcTolution of an ellipsis about either axis. 

The matter of which the solids consist, is supposed ia 
these propositions to be homogeneous. 

S93. A particle placed any where without a 
sphere, of which the parts attract, as in the last 
article, will be urged to the centre of the sphere^ 
with a force that is as the quantity of matter 
in the sphere, divided by the square of the distance 
from its centre. 

Prineip. MaJth. lib. \- prop. 74. Sihpson^s Fluxions^ 
§380. 

If m be the mass of the sphere, x the distance of a 
particle from the centre, the attraction is -^ . 

If the radius of the sphere = r, and the density of 
the matter contained in it = d, the quantity of 

f 

matter, or m == — 3 — '- , and so the attractiou 

-^ 3x^ • 

Wbefl 
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When x=zry this expression becomes — 5 — * which 

is therefore the attraction ^t the surface of the 
sphere. 

The force of attraction or of graritj at the surfaces of 
different spheres, are therefore as their densities 
multiplied into their radii. 

294. The force with which a particle placed 
any where with i a a sphere, is urged toward the 
centre of the sphere, is proportional to its distance 
from that centre. 

From what gdes before> it is plain, that it is liot at-> 
tracted hy any part of the sphere more distant 
from the centre than itself. It is therefore attrac- 
ted only by the sphei'e at the surface of which it ia 
placed. 

295. If a patticle be placed any where in the 
interior of an elliptic spheroid ; and if through it 
there be described a spheroidal surfacci similar 
and similarly situated to the surface of the sphe- 
roid, the particle will be urged only by the attrac*. 
tion of the spheroid thus described, and the force 
of that attraction will be to the force acting on a 
particle similarly situated on the surface of the ex- 

T a tcrior 
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terior spherpidy as the transverse axis of the intcf- 
riot to the transverse axis of the exterior sphe-» 
roid. 



S96. If in an oblate spheroid differing little from 
a st)here, b be the polar semiaxis, b-^-c the radius 
of the equator, and ^ the angle which a line 
drawn from the centre to a given point on the sur- 
face, makes with the axis of the spheroid, f the 
force with which the given point is attracted by 

the spheroid ; /=:l|i (i + | . t^illill) , 

At the equator, where ^ = 90, this becomet 
^'"^ (l + f X ?). At the pole, where ^ = 0^ 

o • Of 



3 



('n--S 



for a very elementary demonstratioti of this theorem,' 
see the Notes on Newton's Principui^ by MadaiTe 
Du ChastklIbt, PrindipeSy &c. torn. it. p. S37. 

297. If in an oblate spheroid, a be the semi 
transverse axis, and e the eccentricity of the me- 
ridian ; then, if gravity at the surface, in the 

plane 
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Jjlane of the equator, be called jg, the force of gra- 
vity at any distance j?, from the centre, in the 
lanie plane, will be 



1 a^ 56 a^ 

Macla^rin's Fluxwm, § 659, *' v^ . ^ 

aluposing f, as in the former articles, to be the diin(«» 
rence 6{ the two semiaxes of the meridiui^ 
e^z=2dCi arid the above will become 

as — -— X ^ • 

It is evident from this, that ttie attraction of a sphe- 
roid, in the plane of its equator, does not decreasei 
exactly in the invei*se ratio of the square of the di- 
stance ; oh which account a small inequality is pro- 
duced in the motion bf the satellites belofiging tor 
planets that are not entirely spherical. The Moon 
is subject to an inequality arising from this catxse^ 
$M are also the satellites pf Jupiter, 
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Sect. VI. 



FIGURE OF THE EARTH. 



298. From observation it has already been infer- 
red, that the Figure of the Earth is nearly that of 
an oblate spheroid^ of which the greater axis, the 
diameter of the equator, is to the less, the axis of 
revolution, as SI 2 to 311. 

The strict meaning of the phrase, the JF'tgurt of the 
Earthy has ahready been defined^ and must be care- 
fully kept in view, in searching into the causes 
which have determmed it. 

Suice the Earth revolves on its axis, it is evident,^ 
that its parts are aH under the influence of a cea- 
trifuga] force, proportional to their dbtances from 
that axis, and that if the mass were fluid, the 
columns toward the equator, being composed of 
parts that are lighter, must extend in length, in 
order to balance the columns in the direction of the 
axis. By this means an oblateness or elevation at 
the equator would be produced, similar, in some de- 
gree at least, to that which the Earth has been 
found to possess. Though it i» not evident how 
the centrifugal force would produce such an effect 
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on a solid body like the Earth, it may throw some 
light on the matter, to inquire into the figure 
which a homogeneoua fluid would put on, its parts 
being all supposed to gravitate to one another, and 
at the same time to be under the influence of a cen- 
trifiigal force, by which they all tended to recede 
fi'om an a!cis given in position. 

VTo the equilibrium of a fluid mass, it is necessary 
V that any two columns reaching to the surface from 
any point in the interior of the fluid, should ba- 
lance one another, or shonld precis equally on that 
point. Conversely, ivhen this is the case, however, 
r many the forces may be that act on the particles of 
■ the fluid, the mass must remain in equilibria. 

It" follows from this, that the surface of a fluid is at 
every point perpendicular to the directiop of the 
diagonal resulting from all the forces which act at 
, that point. 



^99. This equilibrium of the columns will take 
place in a mass of homogeneous fluid revolviog on 
an axis, if it be formed into an oblate spheroid, 
such that the polar semiaxis is to the radius of the 
equator, as the attraction at the equator diminish- 
ed by the centrifugal force at the same place, to 
the attraction at the pole. 

3 proposition was first demonstrated by Maclau- 
EN, Fluxions, torn. ii. S 636 to 641. 



.'iOO. Hence 
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300. Hence.the fraction which expresses the el- 

' lipticity of the meridian, or the excess of ibe equa- 

[ torial above the plolar radius, is to that which ex-^ 

presses the ratio of' the centrifugal fe)rce at the 

. equator, to gravity at the same place, u 5 to 4. 

This is also demonstrated by MACLAURiir, and follow^ 
readily, from comparing the last theorem with 
those already stated concerning the attractioa of 
spheroids. 

801. Th^ 6ehtrifugal force ii ttf tlie gtavity at 
ihe equator, nearly as 1 to 289. 

A body under the equator falls in a second through 
15.0515 French feet, as is concluded firoin the 
length of the pendulum vibrating seconds. 

Now the centrifugal force is measured by the 
deflection of a body from the tangent produ- 
ced by the Earth^s rotation in 1 second. But^ 
a point of thei equator in a second of meain solar 
tim^, describes an arch of 15^.0417 of a degree; 
the versed sine of which, multiplied into the radiat 
of the equator, in French feet, gives the deflec- 
tion, which is^ found to be ^gg of the direet de- 



scent. 



jzps-A 
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S02, A homogeneous fluid, therefore, of the 
Same mean density with the Earth, and revolving 
on an axis in the space of 23''56"'4'*= of solar 
time, would be in equUHjiio if it hail the figure of 
an oblate spheroid, of which the axis was to the 
equatorial diameter as 230 to 229- 

This is accordingly the figure which N'ebton as'crihe* 
to the Earth. Princip. lib. 3. prop. 19. 

In the spheroid thus constituted, the gravitation at 
the equator will be to that at the pole as 2^9 to 
S30 ; and if ^ be the gravitation at the equator, 

|«nd g' that at any other point, of which the lati- 
: 
•I 



tude i 



g'=g (l + 230-) i also it" ^ be the 



. length of the pendulum that vibrates seconds at the 
equator, and t the length of a pendulum that doei 

the same in Lat. A, /' = / ^ 1 + -^^ \ . 



i investigation of the figure of the Earth, 
though very ingenious, involved some assumptions 
which prevented it from being quite satisfactory, 
A very accurate and elegant demonstration was af- 
terwards given byMACLAUKis; and the in vest i^- 
tion was improved and rendered more analytical 
by CtAiiiAUT, Fig. dt la Terre. 
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But though it was thus demonstrated that the parts 
of a homogeneous fluid, on which the figure of the 
oblate spheroid just described was any how indu- 
ced, would be tft equilibrio^ jet it was not shewd 
conversely, that, whenever an equilibrium takes 
place in such a fluid mass, the figure of the mass 
must be the oblate spheroid in question. D'*Alkii- 
BBRT indeed shewed, that there are more sphe- 
roids than one in which the state of equilibrium 
may be maintained ; and this result, though it was 
not observed by Maclaurin, might have been in- 
ferred from his solution. Le Genore afterwards 
proved, that the solids of equilibrium must always 
be elliptic spheroids, and that in general there are 
two spheroids which satisfy the conditions. 

In the case of a homogeneous mass of the mean den- 
sity of the Earth, revolving in the space of 2S^ 6& 
4^, one of the spheroids is that which has been 
mentioned ; the other, is one in which the equato- 
rial diameter is to the polar, as 681 to 1. Mlm. 
Acai> dea Sciences y 1784. La Place has added 
the limitation which follows. 



303. A fluid and homogeneous mass, of the 
mean density of the Earth, cannot be in equili- 
brium with an elliptic figure, if the time of its ro^ 
tation be less than 2** 25ia 17*^ ; if the time of re- 
volution is greater than this, there will always be 

two 



PHYSICAL ASTROKOMT. 901 

two elliptic sphen>ids/and not more, in which an 
equilihrium may he maintained. 

}f the density of the fluid is greater than the mean 
density of tb^ Earth, the time of rotation with 
which the equilibrium ceases to be possible, is had, 
by dividing 2^ i5^ 1 7^ by the square root of the 
density of the fluid, that of the Earth being unity , 
La Place, Theorie du Meuvement et de la Figure 
dee Planett9y Paris, 1784, p.. 126. 

804. If the fluid mass, supposed to- revolve on its 
axis, he not homogeneous, bi^t be composed of 
strata that increase in density toward the centre ; 
the solid of equilibrium will still be an elliptic 
spheroid, hut of less oblateness than if it were ho^ 
mogeneous. 

This was demonstrated by Clairaut, T^orte, &c. 
Newton fell into the mistake of supposing the 
contrary to be the case, or that the greater densi- 
ty toward the centre, would be accompanied with 
greater oblateness. If the density increase, so as 
at the centre to be infinite, the ellipticity is 

J- — -:-_5. = --- , which is the case of the least el- 
2x880 578' 

Jipticity. -^ is the case of the greatest. 



S96. Hence 
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305. Hence, as the ellipticity of the Earth has 
been shewn to be less than ;r=7:, (vix* -srs- n^a^*- 

ly), it is evident, that if the Earth is ^ spheroid of 
equilibrium, it is denser toward the interior. 

The greater density of the Earth toward the centre, 
is in itself probable, and has b^en put beyond all 
doubt by very accurate experiments, made on the 
sides of the mountain Schehallien in Perthshire, by 
the la^e Dr Maskelyve. 

By observations of the zenith distances of stars, 
made on the south and north sides of that moun- 
tain, the difference of the latitude of two stations 
was determinedt A trigonometrical survey of the 
mountain, ascertained the distance between tliQ 
same two points, and thence, from the known 
length of a degree of the meridian, under that pa- 
rallel, the difference of the latitude of the stations 

. was again inferred, and was found less by ir'.6 
than by the astronomical observations. 

The zeniths of the stations had therefore been sepa- 
rated from one another more than in the usual pro- 
portion of the meridian distance ; and this could 
only arise from the plummet on each side, be- 
ing attracted toward the body of the mpuptain. 

From 



^^( 
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l''rom the quantity of this change of direction, the ra- 
tio of the attraction of the mountain to the attrac- 
tion of the whole Earth, or to the force of gravity, 
was found to be that of 1 to 17804. 

The bulk and figure of the mountain being alsq giren 
from the survey, the mean density of the moun- 
tain was found to be to the mean density of the 
Earth nearly as 5 to 9. PhU. Trans, vol. lxviii. 
p. 781. Also Hutton's Tracts, vol. ni, p. 62. 

The mean density of the Earth, is therefore nearly 
double the density of the rocks which compose Sche- 
hallien, which seem again to be considerably more 
Hense than the mean of those which form the exte- 
rior crust of the Earth. Phil. Tram. 1811. 
p. 374. 



>6. If liie density of the Earth increase toward 
the centre, the elliptJcily of the spheroid, and the 
diminution of gravity fronj the pole to the equa- 
tor will not both be expressed by the same fraction 
as in the case of the homogeneous spheroid, but the 
fum of the two fractions will always be equal to 

the same quantity, 

This theorem was first ^ven by Clairaut, and is of 
great use, as serving to explain the connexion be. 
f «|'ee|i the ellipticity, as ascertained from the mea- 
surement 
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•urement of degrees^ and from ezperimeBts wfih 
the pendulum. 

As, in the actual figure of the Earthy the compression, 
or the ellipticity, is nearlj .0032, § 60. if we take 
this from .008095, the remainder, .005495, or 

fzs 9 ^3 ^^^ diminution of gravity from the pole to 

the equator. And the gravitation at anj other 
poipt of the spheroid, is g (1 -f .005495 sin^ a), 
g being the gravity at the equator. The length of 
an isocronous pendulum is expressed hj the same 
formula. This agrees nearly with the observations 
on the length of th^ pendulum in different latitudes. 
See a Table of them, Vince, Aat voL ii. p. 105. 
La Lande, Jst. § 2712. Biot, JaL torn. lu. 
p. 148. 

The lengths of the pendulum in different latitudes, are 
less subject to irregularities than the lengths of de- 
grees ; the intensity of gravity being, as might be 
expected, less affected by local variations than it9 
direction. 



807. The inequalities on the surface of the 
Earth, and the unequal distribution of the rocks 
which compose it, with respect to density, must 
produce great local irregutarities in the direction 
of the plumb-line, and arc probably the causes of 
ihe inequalities observed in the measurement of 

contiguous 
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Contiguous arches of the meridian; even where the 
work has been . conducted whh the greatest skill 
and accuracy, 

' This is exemfilifiM )<i the great ai*ch of the meridianf 
measured sttoss Fraiice ; and io those measured m 
England and Hiuddstan. The cattse maj be some- 
thmg ebncealed under the surface^ which can at 
present only be a stibject of hypotliisticaly or^ at 
. best, of analogtcal'reasonkigv 

r 

These irregularities are so considerable, that the 

spheroid which agrees best with t^. degrees in 

. ■ - . ■• 

France, is one having an ellipticity of , near- 

152 

ly double of what may be accounted the mean at>' 
lipticity. 



308. The approxlimatfon which, Aofwithstantf- 
ifng these irregularities, the figure of the Earth has 
made to the spheroid of equilibrium^ canhot, iti 
a consistency with other appearances, be ascri- 
bed to its having been once in a fluid state. : 

Though the action of water may be evidently traced 

in the formation of those stratified rocks which 

. Vol. II. tl . compose 
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compose so large a proportion of the Earth's sar"- 
facc ; it is of water, transporting or depositing the 
fragments and dctrittu of solid bodies. With re* 
gard to those rocks that contain no sucli detritusi 
but have the character of crystallization in a great- 
er or less degree, it is not evident that they are of 
aqueous formation. The only action of water, 
then, of which wc have (tny distinct evidence in the 
natural history of the globe, is partial and local/ 
and therefore insufHcifnt to account for the sphe- 
roidal figure of the Earth. 
-.1. 

509. If in a terraqueous bodjf, hljwever irregu- 
lar in its primitive form, the prominent parts 
are subject to be worn down, and the detritus to 
be carried to the lower parts, occupied by water, 
where they acquire a horizontal stratification, and 
are, by certain mineral operations, afterwards con-i 
solidated into stone ; such a body, in the coune' 
of ages, must acquire a surface every where, at 
tight angles to the direction of gravity, and cod- 
sequently more or less approximating to a sphe- 
roid of equilibrium. 

The natural history of the Earth gives great coun- 
tenance to the suppositions here introduced ; which 
therefore seem to furnish the most rational expla- 
nation of the elJipticity belonging to the Earth, and 
•*y, to the planets that are known to revolve on their i 



I 

1 
I 
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Tlie distribution of the solid materials in the interioi' 
of the Earth, will verj much affect the nature o^ 
this solid, and the manner in which the figure. is 
acquired, must prdbablj prevent the approxima* 
tion from ever being complete. 

The distribiitidn orf th& materid^ kt khj distance un- 
der the surface is unknown, and we have no means 
of examining into it, but by the measurement ot 
. degrees, or hj experiments on the pendulunl^ and 
on the plumb-lide, like those at Schehallien. 

SIO. On the Urhole, the faots known,- froiii obM 
se'rvatidn, about the figure of the Earthy agree in 
general with theory ; but there are in the expres- 
sions odfthat theory, so msiily quantities which are 
yet indeterminate, that the perfect coincidence oi . 
the two cannot be afSimed. 



V 2 Sect* 
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Sect. VII. 



or TH£ PRECESSION Or EQUINOX£$r 



SI 1. X HE precession of the equino^^^ is the alovr 
angular motion by which the intersection of the 
equator and ecliptic goes backward, at the rate of 
50^|f annually ;« while the inclination of these 
planes continues nearly the same ; so that the 
pele of the equator describes a circle about the 
pole of the ecliptic in the space of 25748 years 
pearly. 

In seeking for the cause of this pfaenomeaon; it is na- 
tural to inquire how the gravitation toward distanlf 
bodies, such as the Sun and Moon, may affect the 
Earth^s rotation on its axis. 

512. From what has been proved of the force 
with which the Sun disturbs the motion of the 
Moon, it is evident, that every particle in that he- 
misphere of the Earth which is turned toward the 
Sun, is drawn toward that body^ while every par- 
ticle in the other hemisphere, is drawn in the op- 
posite direction^ the force that acts on any particle 

beingp 
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being as its distance from the plane that separates 
these hemispheres. 

iFrora this it follows, tliat if the Earth were a perfect 
sphere, the solar forces acting on the opposite he- 
inispheres, would exactly balance one another, 
and could produce no motion in the £larth or 



^^313. The Earth may be considered as a sphere 
circumscribed by a spheroidal shell or meniscus, 
thickest at the equator. The tendency of the Sun's 
action on this meniscus, except at the time of the 
equinoxes, is always to make it turn round the 
intersection of the equator with the ecliptic, to- 
wards the plane of this latter circle. 



I For the matter of the meniscus may be regarded a 
' forming a ring round the Earth, in the plane of the 1 
' equator. Now, the solar force acting on the part of J 
' this ring that is above the ecliptic, may at everf 1 
I point be resolved into two ; one of which is in the i 
plane of the equator, and the other perpendicular J 
^ to it. Tlie result of all the latter, must be a force 1 
tending to impress on the ring a motion round its I 
intersection with the ecliptic. The same holds of 
the half of Uie ring that is under the ecliptic. 

Sl'i. Hence, if the equator had no other motion, 
it would turn round its intersection with the eclip- 
U 3 tic, 
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tic, till it coincided with tfaat plaiie ; the lifie of 
their intersection remaining all tht while at rest 

7be« wama, qHanlity of the iolar force whieb h thus 
^ecomposadx is -^ rcos), where m is the mass 

of the Sun, a the mean distance of the Sun from 
the Earth, r the radius oi, the equator, and ) the 
declination of the Sun. 

The part of this force which is perpendicular to the 
plane qf the equator, and which tends to make it 
inove round the line of its nodes, is 

3 an . ^ • ^ 
— T- ^ cos 9 X sm 9 . 
a' 



315. As the ring which surroupds the equator, 
^t the same time that it has the tendency just de- 
scribed, revolves on an axis perpendicvdar to its 
plane in rtwenty-four hours, it will not revolve on 
^either of these axes, but on one in the same plane 
which divides the angle between them, so that 
the sine of its attgular distance from each axis, is 
in the inverse ratio of the angular Velocity round 
that axis. 

If the arch, round the intersection of the equator 
and ecliptic, which the solar force acting upon the 
ring or the meniscus, would make the Earth de- 

scritM! 



PHYSICAL ASTRONOMY. 



311 



liwibe in f on indetinitelj small portion of time, be 
f ; and if the angle described in the same time by 
the diurnal revolution be v, the axis of that revo- 
lution will be changed by an angle of which the tan- 

K^ent is -, 



' The substitution of the tangent for the ratio of the 
two sines mentioned in the proposition, is made, 
because the angle which the axis of the diuraal re- 
volution makes with the intersection of the equa- 
tor and ecliptic, is a right angle. 

ti6. If the force which produces the motion -p, 
e, like that which produces the motion i), a 
force that acts only once, and leaves its effect to 
continue without diminution or increase, the 
change thus made in the position of the Earth's 
axis would be permanent, and no farther variation 
would take place ; but the force that produces p i 
being one that acts continually, with more or less 
intensity, the quantity 9 is continually renewed, 
•^nd the position of the Earth's axis is subject to 
continual change. 

The relation between the momentary precession and 
<p, the momentary change in the position of the 
axis, will be made plain by a diagram. 
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' JLet ABC (fig. 27.) be the ecliptic ; the order of .the 
letters A, B, C, marking the prder of the signs ; so 
that if A be the vernal, B is the antumnal equi- 
nox ; A6B a t^irde perpendicular to the ecliptic; 
6 the pole of the ecliptic ; P the pole of the equa- 
tor ; and APB the equinoxial colure. HGk=GK^ 
the obliquity of the ecliptic ; HPG a parallel to 
' the ecliptic passing thrpugh the pole of the equa- 
tor. 

The equator is not represented in this figure; bot 
the half of it, op the side turned toward the eje, 
is supposed to be under the ecliptic s its plane being 
at right angles to PP. 

The change which the motion ^ makes on the pole 
P, tends to bring it nearer to A. For the^ diurnal 
revolution about the sLs^is PD, being in the direc- 
tion ABC, apd the motion'^^bovit the axis AB be-! 
}ng in the 4ifcction FG, it will be in the quadi»nt 
^A that these motions will be opposed, so as at a 
certain point F (and in all the points of the line 
PD) to destroy one another. PF is the arch, of 
which the tangent has already been shewn to 

be ^. 

It now a great circle be described from the pole F, 
it wffl be> the new equator, and the point in which 
it wilf intersect the ecliptic, will be the new equi- 
}ipx. The relation of these sniall variationB to one 

anothcTji 
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inother, will be best seen by projecting a part of 
the circles on a plane touching tlie Earth in A. 

If AC (fig, 27. N° 2.) be a small part of llie ecliptic 

^^-jWpresented by a straight line ; AP' a like portion 

^Hpf the solstitial colure ; and AQ of the equator. 

^^KKbea if AA be taken equal to PF', in the former 

figure i and if A'C be drawn perpendicular to AT', 

it will represent the new equator; and AC, which if 

evidently in anteceilenlia, will represent the preces- 



Kmoi 



in, and will be =PP'x - 



The Earth, however, cannot permanently revolve 

about any diameter that is oblique to the plane of 

the ring, because the centrifugal forces on opposite 

sides of such a diameter would not balance one 

another, and must therefore tend to bring the 

^^ plane of the ring to be perpendicular to the new 

^^■Bxis of rotation, or to make the primitive axis of 

^Hplie diurnal rotation coincide with the latter. 

' The whole system of change, therefore, will begin 
anew, as in the former case, and the pole of the 
^^ equator will constantly move in antccedenlia round 
^H||&, But the curve in which it will move is the 
^Hijcircle HPK \ for as the great circle APB touches 
^* this last in P, and as the arch PP' is very small, P' 
will deviate from the circumference of the latter 
circle, only by a quantity that is evanescent in pe- 
rfect of pF. V will therefore describe a circle 
roun4 
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round G, mo?ing tii ant^ctieniia^ at the mtme ra^e 
with the Ime of tbe equioozfih 



3 1 ?• Iff therefore, the equator had received no 
motion but from the solar force, its incljiiadon to 
the ecliptic would have changed continually ; but 
the line of its intersection with that circle would 
have remained at rest. In consequence of the diur-p 
nal revolution, this eflfect is entirely reversed ; the 
inclinatioii of the two planes remaii]p3 constant, and 
their intersection continually revolves. 

This paradox is remark^ by La Place, Sytteme di^ 
Monde, p. 2T0. His solution of it is not so ekr 
mentary tl^at it could be adopted here. 

318. In order to calculate the precise measures 
of the different actions that liave now been traced, 
the momentum with which the solar force would 
make the spl^eroidal nwmscus already referred to, 
begin to reyoiy e' about the line. of the eqiainoxes, 
supposing it to have no other mption, must be de- 
termined ; the whole of the terrestrial spheroid 
niust tend to revolve about the said axis with a 
momentuni just eqtial to this quantity. 

N»wTON, xrho first resolved the problem of the pre- 
^ewxmf wa9 in an error with respect to this part 
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of the iarestigation, supposing that it was the 
quantity of motion (not of women Cum) that must be 
equal in the meniscus and in the entire spheroid. 
D'Alembert was the first who corrected this mis- 
take. 

When the angular motion is computed, t being the 
^^ time of the diurnal, t of the annual revolution of 
^^K, the Earth, c the compression at the poles, and a the 
^H radius of the equator, $ the declination of the 

r 



Sun ; it is found that - = — j- 



his is the same with Sdipson's Theorem, Miscclla- 
neotti Tracts, London, 1757, Trob. 2. p. 14. 



Next, supposing ( and S to vary, so as to get the 
tluxion of the precession, and afterwards integrs- "j 
ting, the precession for an entire year is found 

[*■ = 360 X i- X - cos 01)1. SiMPsoi., Hid. p. 17, 



from this, Simpson computes the precession arising I 
from the Sun's action, supposing the Earth to be a ■ 

homogeneous spheroid, and its compression ;^- to 

be 31".l . Professor Robertson of Oxford makes 
the precession 21".03. Phil. Trans. 1807, p. 82. 
Frisius makes it 21".^ on the same hypothesis. 
Thcoria Diunii Motis: Opera, torn, in, p. 288, 

M 
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1 

In theK compiitations, the coiii|Hres8ioii b — -. We 

have seen that its true value is _- . The quin*. 
titj of the precession diminished in this ratio is 



319. The Moon produces a similar retrograda- 
tion in the intersectioyi of the equator with the 
plane of the lunar orbit, which, being proportional 
to the cosine of the inclination of these planes, is 
subject to continual variation ; but the mean 
quantity of the precession which is thus produced, 
relatively to the ecliptic, is the same as if the 
Moon, moved in the plane of that circle. 

La Place, Syateme d^ Monde^ liv. 4eme, chap. 13. 
p. 871. 8de edit. 

|f the precession due to the Sun^s force be 15^^^ that 
which is produced by the Moon is 35'^; which is 
to the former nearly as 7 to 3. If the effect of 
the Sun were reduced to 12.5, that of the Moon 
would be triple of it, which is agreeable to the la> 
test results deduced firom the theory of the tides, 
»s will be seen in the next section. 



320. The 
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. The action of the Moon produces also an 
ility which diminishes the precession by a 
quantity proportional to the sign of the distance 
of the Moon's ascending node from the vernal 
equinox ; and, besides this, a diminution in the 
obliquity of the ecliptic, proportional to the co- 
sine of the said distance. 

These two ioequalities constitute the Nutation ; and 

»the result here stated from the tbeory of gravita- 
tion, is conformable to that which wai before gi- 
Ten from observation, g £18. Conformably to whatJ 
is said there, these two inequalities may be ex-4!>l 
pressed by the revolution of the extremity of thcfta 
Earth's axis produced to the Heavens, and descri-, 
bing an ellipse, as there represented ; of which the 
greater axis is to the less, as the cosine of the obli- 
quity of the ecliptic to the cosine of twice that 
obliquity. 



I 



321. The precession, on account of variations 
in the solar action, as well as in the lunar force, Ls- J 
subject to some inequalities, not included in th«. 
preceding theorems. 

The amount of the precession, including all these ine- 
qualities, may be calculated for any period of time, 
by a formula given in the Mecanique Celeste, which;^- 
reduced to the seicagesimal notation, is 
fi0".412 X ( — 4626" am. l".394 x t + 
129oi"aml"A29Sxt. 
t is the number of years reckoned from 1750. 



dlS OUTLINES OF NATURAL ^AtLOSOPHY. 

As the annual precession is not abrtys the same, the 
length of the tropical jear, in remote ages» has been 
somewhat different from what it is at present. In 
t\tt age of HippARCHcs, it was about 1(K longer. 
The syderial jear, as already observed^ ranains in* 
▼ariabk. 



Diurnal Rotation. 

■ 

3S2. The velocity of the Earth^s rotation oti iti 
axis, or the length of the day, is not affected by 
the action of the Sun or Moon, in stich a de- 
gree as can ever become sensible, even to the ni- 
cest observation. 

Sytteme du Mondey p. STL The small inequalities so 
produced, do not accumulate by time, but quickly 
compensate one another. 

328. The motions of bodies near the surface of 
the Earth, tend, in some cases, to alter the veloci- 
ty of the diurnal rotation j but if these motions 
are only such as we at present perceive, their ef- 
fects, like the preceding, must for ever itemain in- 
sensible. 

A body whic6, by descending fro6i a heigtif, or by 
moving from the equator t6ward the poles, comes 
nearer to the Earth^s axis, tends td i^celerate the 

motioii 
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iiotion about that axis, because it brings with it, 
into Its new situation, more velocity than it can re- 
tain, and must therefore communicate a part of it 
to the general mass. Tlie contrary happens when 
a body recedes from the axis, and the quantity of 
the acceleration or retardation thus produced, may 
be calculated, on the principle, that the total momen- 
tum of the Earth must remain the same, notwith- 
standing of any change that can arise from the ac- 
tion of its parts on one another. 

From this it follows, that if any body change its dis- 
tance ftom the axis, the momentum of rotation of 
the whole Earth, is to the change in the momen- 
tum of rotation of the body, as the velocity of the 
diurnal rotation to the variation in that velocity, 
arising from the motion of the body. 

As the first of these terms is incomparably greater 
than the second, bo must the third be than the 
fourth. 

Hence, in the degradation of mountains, and in the 
carrying of matter by the rains from a higher to a 
lower level, though these are effects that go on 
continually, the amount can never be so great as to 
be sensible. 

In some cases, even these small changes are im- 
mediately compensated. The constant current 
in the atmosphere, from the poles to the equa- 
tor, is counteracted, in the retardation it tends 
to produce, by the contrary current, which, in the 
_«- superior 
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supferior regions of the air^ aets from the equator 
toward the poles. 

3S4. Ill fofirief agts, howeter, if the cbanges 
that have happened on the surface, or in the inte- 
rior of the Earth, have been as great as some Geo- 
logists suppose, the change in the diurnal rotation 
may have been considerable. 

If the ocean once stood at the height of 15,00(0 feet 
above its present level, a quantity equal in bulk to 
a 440th part of the whole Earth, must havepassed 
from being above the level of the prestiit sea to be 
under it. 

if the mean density of wa£er were the same with 
that of the Earth, it may be calculated easily, that 
the time of the diurnal revolution must, on this 
account be shortened by 5m.682. As the Earth^is 
mean density is to that of water nearly as 4.71 to' 
1, this acceleration is reduced to 1™ IS^ec. 

325. The changes on the surface, or in the in- 
terior of the Earth, may have produced great 
changes in the position of the Eartb^s axis; rela- 
tively to the Earth itself, as. well as in the lime of 
the diurnal rotation. 

If the Earth had originally a very irregular' figure; 
and if, as above Suggested, it has acquired its pre- 

' teat 



PBTSICAL ASTRONOMY. 

seat form, by tke wearing down of the more pro- 
minent parts, and their subsequent consolidation in 
the form of horizontal strata, the axis of the 
Earth's rotution may have been very different from 
what it now is ; it may have gone through a long 
series of changes, and may have carried the equa- 
tor, and the accumulation of waters which accom- 
panied it, over regions from wliich they are now far 
distant. 

JMany facts in the natural history of the Earth, and 
of the mineral kingdom, give countenance to these 
suppositions ; and if it be true that the more an- 
cient strata have been set on edge, and that conti- 
nents have been raised up by the action of an ex- 
pansive force in the interior of the Earth, such ac- 
tion may have materially assisted in changing the 

, position of the Earth's axis. 



Obliquity (if the Ecliptic 



325. The position of the ecliptic is subject to 
change hy the action of the planets ; each of them 
producing a retrograde motion in the intersection 
of the plane of the ecliptic with the plane of its 
own orbit. This does not affect the inclination of 
these two planes, nor does it affect the plane of the 
equator, but It nevertheless changes the inclina- 

VoL. II. X tion 
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tion of the ecliptic to the equator, and also the 
line of their intersection. 

This change in the incKnation, and in the position 
pf the line of the equinoxes, U easily deduced by 
spherical trigonometry from the retrograd^tion ot* 
the intersection of the two planes, and from the 
|;onstan<?y of their inclination. See La Lanoe, 
Astron, § 2751, &c. 

826. The variations in the obliquity of the 
ecliptic, thus produced, are ambng the number of 
the secular inequalities which have long periods, 
and, after reaching a maximum, return in a con- 
tfary direction. 

As far back as observation goes, the obliquity of the 
ecliptic has been diminishing, and is doing so at 
present, by 52" in a century ; it will not, however, 
always continue to diminish, but in the course of 
ages will again increase, oscillating backwards and 
forwards on each side of a mean, from which it ne- 
ver can depart far. 

The secular variation of the obliquity was less in an- 
cient times than it is at present; it is now near its 
maximum, and will begin to decrease in the 23d 
century of our era. 

La Grange has shewn, that the total change of the 
obliquity, reckoning from that in 1700, must be 
less than 5*>23'; Mhn. Acad, de Berlin^ 1782. 

p. 284, 
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>. 284. Ako, that the char 



anges in the indinatioRs 
of the planetary orbits, are all periodical, and can- 
not carry the planes of those orbits beyond the li- 
mits of the zodiac, or 8° on either side of the eclip- 
lic. By the retrogradations of the nodes of the 
ecliptic and the planetary orbits, the precession of 
I ibe equinoxes is diminished by a small quantity, 

r which is at present about 0".2G1 annually. I'id. 

r p. 281. AH this is quite independent of the figure 

^^^ .of the Earth, and would be the same though the 
^^^Kf J^rth were truly spherical. 

[ The first solution of the problem of the Precession was 
' given by Nbwton, Princip. lib. iii, prop. 39. It is 

not tree from error ; but it displays, in a strong light, 
the resources of genius contending with the imper- 
fections of a science not suflictently advanced for so 
arduous an investigation. One mistake has already 
been pointed out, § 31S ; another consisted in suppo- 
sing, that the motion of the nodes of the King sur- 
rounding the equator, must be the same with those of 
the Moon, allowing for the different time of rotation, 
and the different inclination to the ecliptic. 

D'Alembebt corrected these mistakes, and gave an ac- 
curate, though prolix solution, wliich also compre- 
hended in it the theory of the Nutation. Precession 
X S dn 



• J 
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: 4^# Equinopf^a^ Paris^ 1749^ \A jSOhitipA- equally cor* 
rect and original) was givep abqut the same time by 
'!Bu{,ER, M^-^ Acad.ie Berlin^ 1749. 

Two solutions, in (he Philosophical Transactions for 
1754 and 1756, continued to follow the method of 
Newton. The first, of these was by Syi^vabelle, 
the second by Walmesley ; and this last, though it 
retained both the defects just mentioned^ is remark- 
able for the plegance of the demonstrations. It ex- 
tended the problem to the nutation of the Earth's 
axis, and it treated of the diminution of the obli* 
quity of the ecliptic by the aption of the planets. 

A memoir by La Grange, on the Libraiion of tlie 
Moon, which was crowned by the Academy of Sci- 
ences at Paris, in 1769, contained an excellent solu- 
tion of the problem of the Precession. 

piMFsON, in his Miscellaneous Tracts^ has given the 
solution already referred io, which is one of great 
simplicity and correctness. Its only defect is, that it 
doe^ not clearly point out the means by which the 
uniform inclination of the Earth^s axis is maintain- 
ed. 

Another very elegant solution, is that of Faisi above 
referred to ; Theoria Diutmi Motiis^ Opera^ tom. m. 
p. 292. 

]liA Lande has followed Simpson, as has also Vince, in 
his Astronomy. The latest solution is that of Profes- 
^pr Robertson of Oxford, PhiL Traiff* 1807 i it is 

^0 
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khb after the method of Simpson, and the intestiga- 
tion is accurate and concise. 

^he solution df La [Pt^^s, in the Mecanique Celeste, 
must be considered as the most perfect, and that 
which can mo^t certainly be said to include, and to 
estimate with accur^jj, ajl t;hQ <;auses which have a 
share in this phenomenon. There is, however, one 
defect it may be said to have, that as it proceeds en- 
tirely by the calculus, it does not sufficiently carry 
the ihiaginatiori along^ with it. ■ ' • • I 
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S£CT. vriL 



OF TH£ TIBEi. 



S£7. 1 H£ alternate lise and fall of the surfiiccr 
of the sea twice in the course of a lunar day, or of 
24** 50"* 48^ of mean solar time, is the phenome- 
non known by the name of the Tides. 

The time from one high- water to the next, is, at a 
mean, 12b 35™ 24^. The instant of low-water i» 
nearly, but not exactly, ui the middle of this inter- 
Tal ; the tide^ in general, taking nme or ten mi- 
nutes more in ebbing than in flowing. 

At the time of new and full Moon, the tide is the 
highest, and the interval between the consecutive 
tides is the least, viz. 18^ 19^28^. At the qua- 
dratures, or when the Sun and Moon are 90° di- 
stant, the tides are the least, and the interval be- 
tween them is the greatest^ tiz^ 12^ 30m 78ec. 

528. The time of high- water is mostly regula- 
ted by the Moon, and in general, in the open sea,, 
ia from two to three hours after that planet has 

beenf 
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lieen on the meridian, either above or under tlie 

horizon, 

On the shores of the larger continents, anil where 
there are shallows and obstructions, there are great 
irregularities in this respect, and when these ex- 
ceed six hours, it may seem as if the higli-water 
preceded the Moon's transit over the meridian. 

For any given place, the hoiir of Iiigh-water is always 
nearly at the same distance frdnl that of the Moon's 
passage over the meridian. 

This constant dependence on the Moon, is the reasoii 
why the tides are considered as astronomical phe-- 



tep. Though the tiJci seem to be chiefly regu- 
Ta?ed by the Moon, they appear also, in a certaia 
degree, to be under the influence of the Sun. 
Thill, at the syzigics, when the Sun and Moon 
come (o the meridian together, the tides, ctBteris 
paribus, are the highest; at the quadratures, or 
when the Sun and Ntoon are go" distant, the tides 
afe least. The former are called the Spring, the 
latter the Neap Tides. 

The highest of the Spring Tides is not the tide that 
immediately follows the syzigy, but is in general 
the third, and, in some cBses, the fotirtlt. 
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At Brest, the tides of the syzigies rise to 19.317 
feet ; and those of the quadratures to 9.151, not 

quite the half of the former quantity. 

. • 

In the Pacific Ocean, the rise, in the first case, is 5 
feet ; in the second, 2 or 2.5. 

The greater the rise of high- water abore the level of 
a fixed point, the greater the depression of the cor-' 
responding low-water relatively to the same point. 
To estimate the height of the tide, it seems best to 
take the excess of the mean of the two consecutive 
high-water marks, above the intermediate low-wa- 

. ier. This is the method of La Pcace. 



S30. The height of the tide is affected by the 
vicinity of the Moon to the Earth, and increases, 
ceteris paribus, when the parallax and apparent 
diameter of the Moon increase, but in a higher 
ratio. 

The greatest variation of the Moon''s semidiameter 
above or below the mean is about iV^^ ^^ ^^^ 
whole, and the corresponding variation of th^ tide 
at the syzigies is ^^'^th of its mean quantity. Sys- 
teme du Monde^ p. 77. 

331 i The rise of the. tide is affected by the de- 
dination of the luminaries ; it is greatest, cietem 
paribus, at the equinoxes, arid least at the solsti- 
ces. 

When 



hf.. 
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tflien the Moon is in the northern signs, the tide of 
the day, in all northern latitudes, is somewhat 
greater than the tide of the night. 



contrary happens when the Moon is in thesouth- 
ern signs. 



332. If the tides be considered relatively to the 
whole Earth, and to the open Sea, it is evident, 
that there is a meridian, about 30* eastward of the 
Moon, where it is always high-water, both in the 
hemisphere where the Moon is, and in the oppo- 
site ; on the west side of this circle, the tide 
is flowing ; on the east, it is ebbing ; and on 
the meridian, at right angles to the same, it is 
everywhere loxv water. 

These meridians move westward, preserving nearly 
the same distance from the Moon, only approach- 
ing nearer to her at the syzigies, and going farther 
olf at the quadratures. 

In high latitudes, whether south or north, the rise 
and faU of the tide are inconsiderable. It is pro- 
bable that at the poles there are no tides, 

The great Ware whicli, in this manner, constitutes 
the tide, is to be considered as an undulation, or re- 
ciprocation of the waters of the ocean, in which 
there i^, except when it passes, over shallows, or sp- 
proacheS 



lJV- 
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I^roaches the shores^ little or no progremre in^f- 
. tion. 

In all this, no regard is had to the operation of local 
causes, winds, durr^nts, &e. bj which these general 
laws are modified, or oTemiled. 



S33. The dependence of the phenomena just 
enumerated on the motion of the Sun and Moon^ 
naturally suggests an inquiry into the effects 
which the action of these bodies may produce on 
the waters which . cover so large a proportion of 
the Earth's surface^ 

SS4. If mhe the mass, aftd a the distance of thd 
Sun, r the mean radius of the Earth, z the dis- 
tance of the Sun from the zenith of any place (or 
the distance of that place from the point to which 
th^ Sun is vertical) a particle of matter at that 
place is drawn toward the Suri by a force equal 

to - — ^ — cos z y besides having its gravity inCrea- 
sed by another force =: — — * 

This is derived from the resolution of forced, in the' 
same way as when the Siin^s action on the Moon 
was investigated. 

When 
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t When the poiat is ia the hemisphere opposite to the 
Sun, cos 3 becomes negative, sg that the force 
draws the particle from tlie Earth in a direction 
opposite to that which it has in the other hemi- 
spliere, 

[f m' be the mass of the Moon, a its distance from 
the Earth, t' the distance of the Moon from the 
zenith, the forces by which the Moon affects the 
gravity of bodies on the Earth's surface, is expres- 
sed by the same formulas. 

"^ 335. The preceding force may again be resol- 
ved into two, one of which, in the direction 
of the Earth's radius, and opposite to gravity, is 

— ^ cos s f and, with that already mentionedy 



as increasing gravity, viz. — p, makes the whole 

force by which the Sun's action diminishes gravi- 

, 3wi rCQ%z — m r 
ty, to be ; . 



The other force, draws the particles everywhere ho- 
rizoatally toward the point that has the Sun in its 

zenith, and is equal to - g — j sin 3 z ■ In the he- 
misphere 
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mtsphere opposite to the Sun, tills attraction is to- 
want the puint wbicli has the Sun in its nadir. 



536. If the surface of the Earth be covered by 
a fluid, the parts will move in obedience to these 
forces ; those coliinins, where the Sun Is vertical, 
will be rendered lighter, and will be lengthened, 
in order to be in equilibrio with those at the dis- 
tance of 90", which will of course be shorten- 
ed. 

The same thing exactly will happen in the oppositcf 
r •, hemisphere ; and if the waters on the Earth's 
i face were at rest, the Ocean would form itself into 

an ohlong sjiheioid, with its longer axis ^at 
Jj, through the attracting body- When there are two 
attracting bodies, their effects will most nearly co- 
incide, when they are nearest to one another; and 
W'l TvUl be equal to the sum of the two effects taken 
separately. When they are 90" distant, the elTect 
produced will be the difference of the separate ef- 
fects. This is Newton's explanation of the tidi 
He calculates the mean force by which the Sun Ai* 
minishes the force of gravity at the surface, as 
, equal to one 12868200 part of gravity. Hence he 
deduces the longer axis, and the greatest rise of 
the tide produced by the Sun at 9.3 inches. Ih 
, Si/sUmate Mundi. Optra, torn. 111. p. 212. A dif- 
ferent determitiatiun is given in the Principia^ 
j^„-.^. III. prop. 36. 
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Xhe force drawing the water horizontally is not 
E) included here ; its tendency is to Increase the ef- 
fect just calculated. 

I The force — ■ by which the solar force everywhere 

a gravity, need not be taken into account, 
and does not affect the equilibrium of the wa- 

, ter. 

The height to which the sea would thus rise at higli- 
■ water, above the level which it would stand at if 
. acted on by gravity alone, is twice as great as its 
depression under that level at low-water. This is 
- easily demonstrated from the content of the sphe- 
roid remaining always the same. 



i37' The preceding is sufficient to shew, that 
ae phenomena of the tides are effects that might 
bf expected from the principle of gravitation. This, 
however, is an approximation from which exact 
measures cannot be obtained, since a material 
element has been left out, namely, the motion of 
the water, on which the farces of the Sun and 
Moon are exerted. 



338, The rapid motion of the waters, in conse- 
quence of the diurnal rotation, prevents them from 
assuming, at every instant, the figure which the 
equilibrium 
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equilibrium of the forces acting on them would re- 
quire; so that they oscillate continually, alter- 
nately approaching to that figure, and receding 
from it. 

To resolve the problem of the tides, including t 
condition uf the diurnal motion, is a matter 
great difilicuUy, and requires all the latest improTb 
ments of the Calculus. La Place is the on]y one 
who has ventured to undertake it, and lie calls it 
" U Probleme k plus epineiix de toule la Mecanique 
" Celeste."" Exposition du Si/it. du Montle, chap. 10, 
p. 246. edit. S'^':. His solution agrees with the 
phenomena more nearly than could be expected, 
considering that the continuity of the Ocean it 
much interrupted by the land, and that this, toge- 
ther with the inequalities in the depth of the sea, 
the friction against the bottom and sides, 8se. are 
all causes impossible to be submitted to analysis. 



839. The oacillations excited in the Sea, by the 
force of the Sun, and by that of the Moon, are 
similar to one another, and are so combined, 
that each effect lakes place in its full amount, in- 
dependent of the other. 

The law which connects the rise and fall of the tide 
with the time at any place, is exjiressed by a geo- 
)i]f trical construction. 
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S40. Let AB, (fig. 28.) be the total rise of tbe 
tide at any place ; and let the circle ADBF be de- 
scribed on it. If we suppose this circle placed 
vertically, with the point B at the level of low 
water, the tide will rise or fall over equal arches, in 
pqilal times ; that is, if the arches BD, DH, HA, 
be equal, the times in which the water will rise 
from B to D, from D to H, &-c, will be equal ; 
land the same in the ebbing of the tide. 



Mtcanique Celeste, torn. n. p. 221. 



IJear the high and low water, the differences of the 
depths from those of the high or low water, arp 
s the squares of the times. 



m. 

^^^Bf the arch BD be iiroportionnl to the interval hCr 
^^^H tween any instant and the time of low- water, BE 
^^^V the versed sine of that arch, will be the height tu 
^^^B ''which the water wilt have risen. 

|: 

341. The total rise of the water in the tides of 
the syzigies, is to the total rise at the quadratures 
nearly as 2 to I ; and hence the effect of the Moon 
is also nearly to that of the Sun as 3 to 1. 

I This is known from observation, and hence the mass 
of the Moon, in respect of that of the Sun, andcon- 
veqncnilj' in respect of the mass of the Earth, may 
he found. 
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For since — and — are as the forces of the Sun and 
a' a'* 

ABA tVL «i^ 

Moon on the watars of the Sea, -- : -rr *• • 1 • ' ; 

and therefore m' = ^^? ^ - • «»' is thus fowdi 

a* 

,;= ^o-F» ^he mass of the Earth being J. 
00.5 



342. The two tides immediately following one 
jaiTother, or the tides of the day and of the night, 
should be very unequal when the Sun and Moon 
are disfant from the equator, if the theory of the 
spheroid, § 336, were just. They are, however, 
nearly equal ; and this has been shewn, by La 
Place, to be what must necessarily happen in the 

oscillations of a sea of uniform depth. 

• 

The depth of the Sea is therefore nearly the same 
throughout, or, though not exactly the same, there 
is a certain mean depth, from which the deviations 
are not considerable, if we take in a large extent of 
ocean. If this were not the case, the consecutive 
tides would not approach so near to ecj^uality as 
^hey actually do. 

34i3^ Great 



343. Great extent is necessary, in order that the 
Sea should be sensibly affected by the action of the 
Sun and Moon ; for it is only by the inequality of 
that action, on different parts of the mass bf wa- 
ters, that their equiiibriiira is disturbed ; and such 
inequality cannot take place, urilesS a great extent 
bf surface be included. 

The value of cos'e, in the presedinK formulas, be- 
longing to different parts of tlie same sea, must be 
considerably different, in order tliat an oscillation 
of the waters may be produced. The same is true 
''■* of the horizontal force, of which sinS^ is the 
I';', multiplier. This last is at its maximum at the dis- 
tance of 40" from the point where the attracting 
body is in the zenith: 



344. The tides which are experienced in nar- 
row seas, and on shorts far from the main body of 
the ocean, are not produced in those seas by the 
direct action of the luminaries, but are waves pro- 
pagated from the great diurnal undulation, and 
moving with much less velocity. 

Of this, the tides in the German Sea, and on the 
coasts of Britain, are remarkable examples. 

The high-water transmitted from the tide in the At- 
lantic, reaches Ushant between three and four 
hours after the Moon has passed the meridian, and 
its ridge stretches NW, so as to fall a little south of 

V«K. II. Y tfa^ 



OUTLINES OF NATURAL PHItOSOPHV. 



} 



the cout of Ireland. This ware soon after di* 
ittelfinto three ; one part passing up the Bril 
Channel, another ranging along the west side of 
Ireland and Scotland, and the third entering the 
Irish Channel. The first of these flows through 
the Channel at the rate of about 50 niilea an hour, 
so as to pass through the Straits of Dover, and to 
reach the Nore about twelve at night. The se- 
cond, being in a more open sea, moves with more 
rapidity ; by six it has reached the north extremi- 
ty of the Irish coast ; about nine it has got to the 
Orkney Islands, and forms a ridge Of wave extend* 
ing due north ; at twelve, the summit of the same 
wave extends from tlie coast of Buchan eastwi 
to the Naze of Norway ; and in twelve hours moi 
it reaches the Nore, where it meets the 
tide, that left the mouth of the Channel only eight 
hours before. Thus these two tides travel round 
Britain in about twenty-eight hours, in which time 
the primitive tide has gone round the whole cir- 
cumference of the Earth, and nearly 45 degrees 
more. youKo's Lectures on Ntditral Pkiloaop^ 
▼ol. I. plate xxxviii. fig.^1. 
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Tlius it is found, that the Iaw»of motion, and the gene- 
ral properties of matter, are the same in the Heavens 
and on the Earth; that the elliptical motions of the 
planetSj botli primary and secondary ; the small de- 
viations from those motions, whether in the places of 
the planets, or in tlie form and position of their or- 
bits ; the facts which concern their figures, their ro- 
tation, and the position of their axes ; and, lastly, the 
oscillation of the waters which surround the Earth, 
are all explained by one principle, — That of the mutual 
Gravitation of all Bodies, with forces duectly as their 
quantities of matter, and inversely as the squares of 
their distances. The existence of this force, it 
should be observed, was not assumed as an hypothe- 
sis, but was deduced as a necessary consequence from 
the general facta or laws discovered by Kepler, 

We have thus arrived at the knotvledge of a principle, 
which pervades all Nature, and connects together the 
most distant regions of space, as well as the most re- 
mote periods of duration. It is a principle also of 
singular simplicity. Spherical bodies, made up of 
particles, attracting according to this law, attract one 
another according to the same, which could not hap- 
pen, if tbe attraction of the particles decreaeed in any 
other 
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e ratio of the squares of the d 



other tlian the inverse r 
tanees. The expression 1 
affords, viz. the quantity of matter, divided by the 
square of the distance, i.i a line, or a magnitude of 
one dimension, as the expression of a force must aliJ 
ways be when reduced to the utmost simplicitT^I 
Lastly, The lines ileserihed by two bodies attracting^ 
one another according to this law, are al>vays of the 
second order. No other law could give the same s; 
plicity to thi; celestial motions, nor is it likely that 
any one could produce the same stability. 



Gravitation, nevertheless, is not conceived by us as »■ 
property essential to matter; there may be many 
other laws equally possible, and the above considera- 
tions point out the laiv actually existing, as one that 
has been wistlj/ selected out of an iniiiilte nuiqber. 

Is there, then, any physical cauge, yet more genera], 
into which Gravitation may be resolved ; or is it an ul- 
timate fact, beyond which our knowledge cannot eX< 
tend ? If we look at the ill success of the attempts 
hitherto made to explain gravitation, \ve shall be dis- 
posed to embrace tlie latter opinion, and to apply the 
maxim of Bacon : " Est aulem teque impertli et levi- 
ler philqaopkanlii in maxinut univers^Uhus cauaam requi- 
rere, ac in subardinatis et suballernis cauaam Jion deside- 
rare." Nov. Org, lih. i. cap. 48, 

If, on the other hand, we consider how many different 

laws seem to regulate the other phenomena of the 

material 
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material world, as in the action of Impulise, Cohesion, 
Elasticity, Chemicjal Affinity, Crystallisation^ Heat, 
Light, Magnetism, Electricity, Galvanism, the ex- 
istence of a principle more general than any of these, 
and connecting all of them with that of Gravitation, 
appears highly probable. 

7he discovery of this great principle may l)e an honour 
reserved for a future age, and Science may again have 
to record names which are to stand on the same le- 
vels with those of Newton and La Place. About 
such ultimate attainments, it were unwise to b^ sai^« 
guine, and unphilosophical to despair. 
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Page i6, line 8 fir Andromeda, read Andicmedei, 
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Vol. II. has four plates, to be placed at the end^ m tb^ 

order of the figures. 
Plate I. contains from fig. 1. to fig. 7. 
II. Fig. 8. to fig. 14. 

III. Fig. 15. to fig. 22. 

IV. Fig. 23. to fig. 28. 
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